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BACKGROUND:  Youth with chronic health conditions face challenges that may 
prevent them from achieving their educational goals.  
PURPOSE:  This dissertation examined whether children and adolescents with chronic 
health conditions were more likely to have poor educational attainment compared to 
youth without chronic health conditions.  It examined the impact of type and onset of 
chronic health conditions as well as youth limited by chronic health conditions on 
educational attainment.  The potential influences of mediating and moderating factors 
were also investigated. 
METHODS: Using data from the National Longitudinal Study of Youth - Cohort 1997, 
multivariate logistic regression models were fit to examine the associations between type, 
onset of chronic health conditions, as well as youth limited by chronic health conditions 
and their impact on educational attainment.  The cohort’s sample size was 8,984 and 
participants were followed up through 2009.  Chronic health conditions were defined by 
the 1997 parent questionnaire and the 2002 youth questionnaire.  Educational attainment 
was defined by completion of high school by 21 years of age.  Academic, psychosocial, 
neighborhood and school factors were examined and potential mediators and effect 
modifiers were identified.  
  
RESULTS:  The odds of poor educational attainment for youth who reported ever having 
a chronic health condition were significantly higher compared to youth who never 
reported a chronic health conditions, OR: 1.47 (95% CI: 1.22 - 1.76).  Specifically youth 
with cancer, diabetes or epilepsy had the highest odds f poor educational attainment, 
OR: 1.96 (95% CI: 1.13 – 3.37).  There were similar associations for youth limited by a 
chronic health condition, OR: 1.76 (95% CI: 1.33 - 2.34) and for youth with early onset 
of a condition, OR: 1.61 (95% CI: 1.29 – 1.99).  Academic and psychosocial variables 
attenuated these associations and mediators were prs nt.  Interactions with school-level 
factors and chronic health conditions were also found.  
CONCLUSIONS: Youth with chronic health conditions, specifically those with cancer, 
diabetes or epilepsy, youth limited by or have early onset of a chronic health condition 
are at particular risk of poor educational attainmet. There are strategies that may 
mitigate these associations such as depressive symptoms screenings and support services 
in school.     
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Chapter 1: Introduction 
1.1 Background and Rationale 
 
The diagnosis of childhood chronic health conditions has quadrupled over the past 
four decades.1  In 2004, 7% of US children were diagnosed with a chronic health 
condition.1  An estimated 133 million Americans are living with at least one chronic 
health condition and about 32 million children currently have at least one of twenty 
chronic health conditions.2  
Although each chronic condition is unique, there are similarities with respect to 
how they affect youth.3  Children with chronic health conditions are always living with 
their condition and may require many hospitalizations, home health care and extensive 
medical care.3  Not only do these children face everyday life challenges, they may also 
have a host of medical burdens to negotiate on a daily basis. 
For a number of reasons, including school absences, pos ible cognitive delays and 
poor psychosocial adjustment, youth with chronic healt  conditions may be less likely to 
reach higher educational levels.  Educational attainment has major consequences for a 
person’s health.   Poor educational attainment is associated with substance abuse, poor 
health behaviors, income and employment.4-7  
Medical technology is improving and more children with chronic health 
conditions reach adulthood each year.  95% of US children with a chronic health 
condition are now living past 20 years old.8-11  The harmful effects of poor educational 
attainment for these youth make examining this associati n critical.  Understanding the 





preventative strategies to keep these children on a successful educational trajectory.  The 
rest of this chapter provides additional background information. 
Chronic Condition Definitions                                     
 Chronic disease is a term for diseases that are potentially life threatening, have a 
long duration, frequent re-occurrence and generally slow progression.  It is a broad 
definition for many types of conditions.  According to a systematic review and depending 
on definition, as many as 44% of children have a chronic health condition.12  There has 
been no international classification for childhood and adolescent chronic health 
conditions.  In a systematic review of studies performed on childhood chronic health 
conditions, van der Lee concluded that there were four separate definitions used to 
classify childhood chronic health conditions.12  The first definition required a diagnosis 
based on the International Statistical Classification of Diseases, 10th Revision.  According 
to this definition, the condition must either: (1) have had a 3-month duration, or probably 
will have at least a 3-month duration and (2) the condition must not have a cure.12  The 
second definition was a subgroup of the first level and included individuals (age 18 or 
younger) with limitations in ordinary activities due to the chronic condition.12  The third 
definition was a subset of the first two definitions and defined a chronic health condition 
by additional health care usage including medical care or services.  The final definition 
involved “children with special health care needs.”  This group included youth at an 
increased risk for chronic, physical, developmental, behavioral or emotional conditions as 
well as youth who require additional health care servic s.  In a later study, Mokkink et al 
developed a consensus definition designed to be used in large, epidemiological studies in 





the consequences of the disease such as functional limit tions or special health care 
needs.  The criteria developed were: 
 
1) The disease occurs in children aged 0 to 18 years 
2) The diagnosis is based on medical scientific knowledge and can be established 
using reproducible and valid methods or instruments according to profession 
standards 
3) The disease is not (yet) curable  
4) The disease has been present for longer than three months, will probably last 
longer than three months or has occurred three times or more during the past year 
and will probably recur again. 
Educational Attainment 
 
 Educational attainment is defined by the U.S. Burea  of Labor Statistics as the 
“highest diploma or degree, or level of work towards a diploma or degree, an individual 
has completed.”14 High school graduation rates are a measure of educational attainment 
that is used to assess a society’s scholastic aptitude as well as the capability of the future 
workforce.15  This measure is assessed by different methods and each approach 
influences the reported high school graduation prevalence.  
 Overall high school graduation rate captures the number of graduates over a one-
year period, accounting for the number of high school students who graduated versus the 
number who did not as a percentage.  Some measures incorporate the number of students 
who have received their Graduate Equivalency Degree (GED).  These are students who 
have dropped out of high school and subsequently take the high school educational 





of “graduates”.16  However, including these students could theoretically cause inflation of 
graduation rates because they are students from previous time periods who were 
unsuccessful in the education system and are now counted with youth who had 
successfully completed the education system.16  
Graduation rates also differ based on when students are assessed.  For example, 
some studies include students who have dropped out of high school while other 
assessments only include 12th graders who do not graduate.  Some studies track the 
number of 9th graders who graduate four or five years later.  Another difficulty with the 
high school graduation measure is some people have completed 12 years of school 
without graduating.  Determining whether a high school graduation measure includes 
students from both private and public schools or only public schools also can complicate 
graduation measures.17 
The United States high school graduation rate has been a difficult statistic to 
estimate based on the above considerations as well as the different data sources 
implemented and the methodology and analysis used.   The high school completion 
definition used by the National Center for Education Statistics (NCES) is the total 
number of graduates from public and private schools and GEDs divided by the general 
population of 18-24 year olds not currently enrolled in high school.15  This number is 
89.9 percent based on the 2010 Current Population Survey, the primary data source for 
U.S. labor force statistics sponsored jointly by the U.S. Census Bureau and the Bureau of 
Labor Statistics.16  The Condition of Education 2011 implements a number based on the 
total number of graduates from public and private schools and GEDs divided by the 





Current Population Survey.16  The Common Core of Data is a dataset from the Nation l 
Center for Educational Statistics that estimated th average freshman high school 
graduation rate for public high school students in 2007-2008 as 74.9%.15  The average 
high school graduation rate was estimated by dividing the number of graduates by the 
estimated count of freshmen 4 years earlier.                     
Chronic Health Conditions and Educational Attainment 
 Past studies examining the association between chronic health conditions and 
educational attainment have been inconsistent in the US.  Childhood chronic health 
conditions have been associated with unemployment and lower income but there are 
conflicting results with high school graduation.8,18,19  This is partially because of issues 
with classification and categorization of chronic health conditions.  For example, some 
studies include asthma with other severe chronic healt  conditions.17  This is a limitation 
of past research as some studies categorize chronic health conditions together without 
regard to type, youth limited by the chronic health condition or onset of a chronic health 
condition.12,13  It is a hindrance because studies form conclusions about all chronic 
conditions when there are a variety of chronic conditions in terms of type and onset as 
well as differences in severity of the chronic health condition.  These variations can 
obscure relationships with a student’s educational att inment.         
Although there have been conflicting results with respect to chronic health 
conditions and educational attainment in the past, more recent studies have shown an 
association in the US.8,19-21  A study using the National Longitudinal Study of Adolescent 
Health dataset by Maslow et al assessed the association between chronic health 





separately from the rest of youth with other chronic health conditions.  Compared with 
healthy young adults, youth with non-asthmatic chronic health conditions (diabetes, 
cancer and epilepsy) were significantly less likely to graduate high school and gain 
employment and were more likely to receive public assistance.8  Although youth with 
asthma were found to have better educational attainment outcomes compared to youth 
with diabetes, cancer and epilepsy, there is littleresearch on specific types of chronic 
disease and how each affects educational attainment.8   
1.2 Research Questions and Hypotheses  
 
 The overall research question was “do childhood and young adolescent chronic 
health conditions affect educational attainment?”  I  was hypothesized that there would be 
an association between youth with chronic health conditions and poorer education 
attainment in general.  Other research questions included, “are there high risk groups in 
this association?” and “are there specific contextual factors from the family, school and 
neighborhood that compound or deter this association?”  We hypothesized that youth 
with early onset of a chronic health condition and youth limited by a chronic health 
condition would have the highest odds of poor education l attainment and would 
comprise high-risk groups.  It was also hypothesized that the association of chronic health 
conditions and education attainment is mediated by academic and psychosocial variables 
and factors from the youth’s neighborhood and school serve as effect modifiers.   
1.3 Theoretical Framework and Objectives 
   
Theoretical Model: Social Ecological Model 
This study investigated the association of chronic health conditions and 





ecological theory suggests that an individual is influenced by many contextual factors 
within his or her environment.22  The social ecological model describes the associati n 
between the individual and his or her environment and incorporates the different 
influences of one’s environment that may affect the outcome.23,24  This model reveals 
circles of influence where an individual is nested within his or her family.  This 
individual is also nested within a community (See Figure 1).  The community includes 
both the school and neighborhood.  In this model, th  family is more proximal compared 
to the community influences.  The school is more proximal compared to the 
neighborhood.       
Originally, ecological studies were applied to plants and animals and their 
habitats, but the model was adapted to characterize humans and their environment.  A 
widely used version of the social ecological model is from Bronfenbrenner’s Ecological 
Systems theory.25  This model is used in human development and behavior where an 
individual is within an organization, the organizaton is within a community and the 
community is within a culture.  Epidemiologists have applied this theory to health and 
health prevention.22-24  
 The goal of our study was to identify factors to prevent poorer educational 
attainment for students with chronic health conditions.  The social ecological model can 
be a prevention framework that allows identification of contextual factors from the 
individual’s environment.  It helps to describe thecomplicated interaction of these factors 
with the individual.  This theoretical model allowed us to address contextual factors that 
put youth with chronic health conditions at risk of p or educational attainment.  This 





the literature review, was the basis for the introduction of variables from many different 
levels in our model.  Individual level sociodemographic variables, such as gender and 
race/ethnicity were included in our model.  Individual level family background variables 
included parent education and 2-parent household.  Community level variables included 
type of school, teacher’s experience, neighborhood income, and neighborhood education.  
These variables were important factors to describe the participant’s contextual 
background.    
Academic Mediation Theory  
 Along with our social ecologic model and the ecologic theory, this study also 
implemented student performance and child development th ories to understand the 
influences of academic and psychosocial factors including potential mediation on this 
association.   Cognitive and social theories of learning and development were 
incorporated within the framework of the social ecologic model.   
 Academic mediation theory explains that academic achievement is the mediating 
factor between variables and their educational attainment including completing high 
school.26  There are many aspects involved in academic achievem nt, learning and 
development.  Academic and psychosocial factors have been shown to effect educational 
achievement and attainment.27  This theory is the basis for our use of academic and 
psychosocial variables as potential mediators.      
Cognitive Information Processing Theory 
 Within the academic mediation theory, there are also multiple learning and 
development theories incorporated in our framework.  The cognitive information 





an increased capacity that leads to advances in the ability to process and respond to 
information.28  This theory focuses on the individual’s cognitive processes of thinking 
and memory.28  When the child is challenged in school, the brain develops and processing 
increases.  This theory, combined with the literature review, was the basis for my 
introduction of academic factors as potential mediators between chronic health conditions 
and educational attainment.28  The variables focused on the participant’s cognitive 
development from attending classes regularly and their ability on tests and overall 
achievement.  These variables included from this theory included participant’s cognitive 
score, age, grade point average and the number of sch ol absences.  
Social Learning Theory  
 Albert Bandura developed social learning theory that involved the following 
concepts: (1) people can learn through observation (modeling), (2) mental states and self-
efficacy are important to learning and (3) learning does not necessarily lead to a 
behavioral change.28,29  This applies to our study because a mother or father who 
graduated high school can influence their child to reason college graduation is customary.  
This may motivate the child to graduate from high sc ool.  This applies to our study in 
the neighborhood context as well.  If a child was in a neighborhood with many people 
who had not completed high school, the child may reson that high school graduation is 
not normal and may be less motivated to complete high school.  
Rumberger Framework 
 Rumberger developed a framework to study a student’s performance that 
integrates the educational literature, and predominant theories.30  This framework is 





youth who drop out of high school are in the last stage of a cumulative disengagement 
process from school.30  This framework suggests that engagement is related to academic 
performance, school attendance as well as overall preparation and expectations.  At each 
point in this process, contextual factors from the family, school and neighborhood affect 
the variables in the framework.  Although we did not specifically employ this framework, 
it gives a concrete background and a potential pathw y to our study’s models. 
Variable Summary 
 Overall, the individual-level examines sociodemographic, academic and 
psychosocial variables.  These individual level sociodemographic variables included the 
participant’s: (1) age, (2) gender and (3) race/ethnicity.  The individual level also 
examines the family members and peers.   These variables included: (1) parent education 
and (3) 2-parent household.  The individual level academic variables included   (1) 
cognitive score,  (2) grade point average, (3) school absences and (4) repeated a grade. 
The individual level psychosocial variables included (1) depressive symptoms score, 
whether the participant was a (2) victim of bullying and those that (3) felt safe at school.  
The community-level involves settings such as schools and neighborhoods.  These 
variables included:  (1) neighborhood income, (2) neighborhood education, (3) 
neighborhood race/ethnicity,  (4) type of school, (5) 5-year teacher turnover,  (6) teachers 
with advanced degrees, (7) percentage truancy, (8) class size and (9) teacher experience 
(for an exhaustive variable list refer to Appendix).  
Specific Aims 





A1: To examine the association between type of chronic health conditions during 
childhood and adolescence and educational attainment lat r in life compared to youth 
without chronic health conditions, while adjusting for confounders and exploring the 
influences of academic variables, psychosocial variables and the youth’s school and 
neighborhood environment.  Academic and psychosocial were also evaluated as potential 
mediators.  (Paper 1) 
A2: To examine the association for onset of a chronic health condition, youth limited by a 
chronic health condition as well as youth limited by and have early onset of a chronic 
health condition during childhood and adolescence and educational attainment compared 
to youth without chronic health conditions, while adjusting for confounders and exploring 
the influences of academic variables, psychosocial variables and the youth’s school and 
neighborhood environment. (Paper 2)  
A3: To investigate potential effect modification from the youth’s school and 
neighborhood environment that may effect the associati n between youth with chronic 
health conditions and poor educational attainment. (Paper 3) 
Previous Literature  
 In the Maslow study, an association with chronic health conditions and 
educational attainment was found.8  Mediating variables for this association were not 
studied but were mentioned as recommendations for futu e research.  These variables  
included: (1) altered peer relations, (2) school absences, (3) cognitive impairment, (4) 
family stress, (5) family financial stress and (6) psychiatric illness.8 
In 2008, a study by Haas and Fosse utilized the Nation l Longitudinal Survey of 





educational attainment.27  There was a significant association between self-reported 
health and timely graduation from high school and post-secondary enrollment.  On a 5-
point Likert scale, a one-unit decrease in self-repo ted health lowered the odds of timely 
high school completion by 34 percent and lowered ods of postsecondary enrollment by 
30 percent.27  
 The study suggested that academic achievement and psychosocial variables are 
along the causal pathway from young adolescent healh to educational attainment.  
Adding academic achievement variables (GPA, cognitive score, number of absences and 
repeated a grade) decreased the gap between poor self-reported health and educational 
attainment.  When academic achievement variables (see next sentence for list) were 
included in the model, a one-unit decrease in self-reported health lowered the odds of 
timely high school completion to 17 percent compared to 34 percent.27  These academic 
achievement variables included math and verbal test scores, grade point average (GPA), 
number of absences in an academic term, whether the participant had an emotional 
problem and if the participant had repeated a grade.  In addition, adding psychosocial 
variables (listed below) only slightly decreased the gap between poor self-reported health 
and educational attainment.  When psychosocial variables (see next sentence for list) 
were included, a one-unit decrease in self-reported health lowered the odds of timely high 
school completion to 32 percent as compared to 34 percent.  Psychosocial variables 
included if the participant had been threatened at school, had been a victim of bullying, 
had a physical altercation and whether the participant felt safe at school.  Adding both 
psychosocial and academic achievement variables to the model contributed to a one-unit 





16 percent.  From these results, the authors concluded that although psychosocial 
variables are important, academic variables were more strongly associated with health 
and educational attainment.      
This prior study reinforces an important association between health and 
educational attainment.  However, self-reported health was operationalized as either 
physical or psychological health.  The precise aspect of health that contributes 
significantly to poorer educational attainment was not examined and therefore is 
relatively unknown.  Examining more specific health measures such as type and onset of 
chronic health conditions as well as youth limited by chronic health conditions and their 
impact on poor educational attainment are essential to dvancing the health and 
educational attainment literature.  Determining these associations’ underlying 
mechanisms is also critical and addresses gaps in the current literature.   
Mediation Literature 
 Our study not only examined the possible associatin between chronic health 
conditions and educational attainment but we explored potential mediators and 
moderators.  The previous literature gives credence to studying academic and 
psychosocial variables as mediators for the associati n between chronic health conditions 
and educational attainment.  The Haas and Fosse study concluded that academic variables 
attenuated the effect of self-reported health and educational attainment.27  Psychosocial 
variables slightly attenuated the effect of self-reported health and educational 
attainment.27  The Maslow study established an association between chronic health 
conditions and poorer educational attainment and suggested that mediating variables such 





psychosocial variables, including psychological illness and family stress, should be 
investigated.8,20 
Academic Mediators  
Chronic health conditions can lead to cognitive impairment, which may result in 
poorer educational attainment.  Past research have shown an association with specific 
chronic health condition in childhood and adolescence with cognition and lower 
achievement scores.31,32  This was evident in the cognitive testing of a dibetes type I 
study.31  The study assessed the cognitive performance of 51 children with early onset (5 
years or younger) diabetes and compared this group to children without diabetes.31  
Children with diabetes had deficits in phonological processing (F=12.1, p<0.01), spelling 
accuracy (F=14.7, p<0.01), and mathematics (F=5.19, p=0.02) compared with healthy 
children.  They also learned to read at a later age (χ2 =10.85, p=0.01) compared with 
healthy children.31  This exploratory study provided a possible biological mechanism for 
lower educational attainment by showing differences in brain development and academic 
proficiency.  Thus, it is probable that cognitive factors may serve as a mediator in the 
association of chronic health conditions and education l attainment.  However, the study 
did not measure other factors, such as school absence , that may have explained the 
differences that were found.   
Chronic health conditions may lead to forced absences and poorer achievement 
independent of cognitive impairment.  This was suggested in the Maslow et al study as a 
possible mediator.8  These prolonged or frequent absences may lead to poor performance 
in school and grade repetition.  This information guides my investigation of academic and 






Chronic health conditions may contribute to a child aving poor mental health.  It 
was found that youth Canadian adolescents and children who were chronically ill had 
more than a two times higher risk of having psychiatric disorder.33  Youth with chronic 
illness in childhood and adolescence perform higher on an antisocial scale, an 
anxious/depressed scale, a peer conflict and social withdrawal scale and behavioral 
problem index.33  One study found that depressive symptoms decrease years of schooling 
completed, increase the probability of dropping out of high school and decrease the 
probability of college enrollment.34  Physical limitations due to chronic conditions may 
lead to limited athletic and social activities.27  This may result in lower self-esteem and 
can result in social isolation, poor peer interaction and suboptimal social development.27  
The students with chronic conditions may need medical equipment in the classroom, such 
as insulin needles or asthma inhalers and may get bullied by peers, and as a result may 
not feel safe at school.   Past research has found b llying, physical and verbal threats can 
lead to loneliness, school avoidance behaviors, negative school attitudes, and poorer 
educational achievement.35,36  Therefore, it is probable that being a victim of bullying as 
well as poor mental health would both serve as a potential mediator between chronic 
health conditions and educational attainment.  Thus psychosocial factors can mediate the 









Figure 1: Academic and Psychosocial Mediators 
  
Effect Modification and Contextual Factors Literature 
 Contextual factors from the family, neighborhood an  school factors have all been 
shown to influence and potentially serve as effect modifiers for a student’s 
performance.30  The school and neighborhood may deter or promote a successful 
educational tract for students.  A student with a chronic health condition may already be 
more removed from their education and the influence of the neighborhood or school can 
contribute or deter him or her from ultimately completing high school.  Identifying these 
factors is important to understanding the influence of the overall environme t and may be 
critical to determining high-risk groups in the association of chronic health conditions 







Family Background: Individual Level 
 The literature has shown that family background defined as family SES or 
parent’s education level is consistently the most important predictor for a student’s 
educational attainment.30  Educational attainment is associated with early poverty in a 
child’s life as well as duration of the poverty.37-39  The National Longitudinal Study on 
Youth and the Infant Health and Development Project found that poverty in a child’s 
early life as well as the duration of the poverty were associated with educational 
attainment.38  If the child is destitute before attending school it affects educational 
attainment more than if the child becomes disadvantaged after attending school.37-39  A 
$10,000 increase in family income during the child’s first five years of life results in 
almost 1 year more of achievement.  There is a doseresponse between poverty and IQ 
scores;  IQ scores are lower among children in poorfamilies by 6 to 13 points after 
controlling for maternal age, education and ethnicity.37-39  This IQ effect is seen in many 
age groups but family poverty has less of an effect in adolescence.  Children who are 
poor are more likely to have a development delay, learning disability, repeat grades, get 
expelled or suspended, drop out of high school at a higher rate and not be employed or in 
school at 24 years old.37-39  Graduation rates are 50% in areas with high poverty.38  The 
cumulative effects of poverty are an important influence on educational attainment and 
our study.  Family structure has also been studied.  A 2-parent household has been shown 
to be associated with better educational outcomes compared to single parent or step 







Figure 2: Potential Effect Modification by Family Factors 
      
School Factors: Community Level 
 Many school factors are associated with a student’s educational achievement and 
attainment.  These factors may modify the effect of chronic health conditions on 
educational attainment.  A student that is burdened with a chronic health condition may 
already be less involved in school and school characte istics may help or deter the student 
from educational success.  Type of school, school resources, school structure, student 
composition, student mobility, teacher quality and the school environment are other 
factors involved in a student’s educational achievement attainment.  The literature is 





decrease dropout rates in high school when adjusting for student selection by private 
schools.41  It was also found using National Assessment of Educational Progress (NAEP) 
data that reading scores were 14.7 points higher for private schools compared to public 
schools with an effect size of 0.41 for 4th graders.42  
 Teachers impact the educational attainment of students.   The literature shows that 
teacher experience, teacher preparation programs and degrees, teacher certification, 
teacher coursework and teacher test scores impact a student’s learning.43 
School environment plays a role in the educational achievement and educational 
attainment of students.  School-level correlates of poor student achievement include: 
teacher and student tardiness, lack of academic challenge, vandalism, drug abuse, 
physical conflicts, verbal abuse of teachers, physical attacks on teachers, teacher 
absenteeism, student absenteeism, cutting class, apathy, robbery or theft, disrespect of 
teachers, alcohol abuse and weapons in school.44  A review of school climate found that 
higher grades, engagement, attendance, expectations nd aspirations, a sense of scholastic 
competence, fewer school suspension and on time progression through grades were 
associated with a caring school climate.45  Each of these factors influence and may 
modify the relationship with chronic health conditions and educational attainment.  
Table 1: Literature for School Level Variables and Educational Attainment  
School Level Variables Dataset Implemented Year  Outcomes 
Type of School High School and 
Beyond 
1995 Dropout Rates, Lower in 
Catholic Schools41  
Type of School National Assessment of 
Educational Progress 
(NAEP) 
2003 Mean Reading and Math, 
Private/Public ,4th and 8th 
grade42   
Higher Per Pupil 
Expenditures 
Meta-analysis 1994 Resource Expenditures, Increase 
Achievement 46 
Higher Per Pupil 
Expenditures 
High School and 
Beyond 
1998 Improvement in Lowest 






Higher Per Pupil 
Expenditures 
Washoe County, NV 2006 Improvement in Reading 




Meta-analysis 2010 Better Educational Outcomes49 
Small Class Size Meta-analysis 2000 Better Academic Performance50 
Small Class Size Tennessee Project Star 2005 Kindergarten to 3rd Grade, 
Higher HS Graduation51 
School Poverty Longitudinal 
Evaluation of School 
Change and Policy 
2001 High Poverty Schools, Lower 
Achievement52 
Poverty National Assessment of 
Educational Progress 
(NAEP) 
2003 Free or reduced lunch, 4th and 8th 
grade, Lower academic 
achievement39 





2010 English Language Learner and 
Limited English Proficiency 
students53 
Lack of English 
Proficiency 
National Assessment of 
Educational Progress 
(NAEP) 
2010 ELL (English Language 
Learner) average of 36 scale 
points lower nationwide54 
School Race/Ethnicity National Assessment of 
Educational Progress 
(NAEP) 
2005 African American, White, 
School Achievement55 




National Assessment of 
Educational Progress 
(NAEP) 
2000 Elementary school and High 
school, better achievement 30   
Teacher Quality – 
Advanced Degree 
National Educational 
Longitudinal Study of 
1988 (NELS-1988) 
1997 Advanced Math Degrees, 10th 
grade achievement 30   
Teacher Quality – 
Advanced Degree 
Longitudinal Study of 
American Youth 
1994 No effect for achievement 30   
School Environment National Longitudinal 
Study of Adolescent 
Health 
1997 12th graders- connected to family 
and school, improve health 
behaviors 56 
School Environment Meta-analysis 
 
1999 Caring school environment 
associated with engagement,  
attendance, expectations and 
aspirations, a sense of scholastic 
competence, fewer school 
suspensions, on time progression 
and, higher grades 
5 studies: Caring school 
environment associated with 
high self-esteem and self-
concept,  
3 studies: Caring school 





anxiety, depression, loneliness, 
4 studies: Caring school 
environment associated with 
reduction of substance abuse; 
Sense of belonging also led to 
higher grades45 
 
Figure 3: Model of Potential Effect Modification By School Factors  
 
Neighborhood Factors: Community Level 
 Neighborhoods may influence health, development, drop out rates and 
educational attainment.  The literature is summarized in the table below.  A 
neighborhood’s resources such as number of playgrounds and parks have an association 
with youth development.57,58  A student may be influenced to drop out by a youth in the 
community that has already dropped out of school.  P or educational attainment is also 





Chronic health conditions are also correlated with neighborhood factors.60  For 
example, the incidence of asthma may increase by the air pollution in the neighborhood.  
The literature on a neighborhood’s education-level, income, health access, crime and 
violence suggests an association with health and youth development (Figure 5).57-58, 60-63  
The neighborhood is known to have effects on depression and other health conditions.60  
Neighborhood crime and violence were associated with psychological distress.61  In an 
infectious disease study, authors concluded that education on a population level plays a 
significant role in health seeking behaviors.63  These health effects of neighborhoods may 
affect the association between childhood and young adolescent chronic health conditions 
and educational attainment by compounding or partially alleviate the chronic health 
condition of the child.  This makes it important to identify the neighborhood’s contextual 
factors and evaluate potential effect modification by these factors. 
Table 2: Literature for Neighborhood Level Variables and Health and Youth 
Development, and Educational Attainment 
Neighborhood Variables Dataset Implemented Year Outcomes 




Baltimore, Inner City 
2008 Block group level crime, 
violence experienced was related 
to depression, Psychological 
Distress60 
Crime and Mental Health Meta-Analysis 1998 Violent Crime was associated 
with psychological Distress, 
Mental Health Outcomes61 
Social Capital School Aged Children 
Study, Canadian  
2010 Social Capital reduces 
socioeconomic differences in 
children’s psychological 
symptoms, somatic symptoms, 
fighting and life satisfaction62 
Education-level, Health 
Seeking Behaviors 
U.S. Census 2000, 
Michigan Counties 
2007 Salmonella-Infections are higher 
for those with neighborhoods 
with lower education63 
Adolescent Development Neighborhoods in 
Chicago and Denver 
1996 Neighborhood Disadvantage is 
associated with prosocial 
competence, friends and 
problem behaviors, juvenile 









2012 Youth Violence and crime is 
associated with delinquency58 
 
 
Figure 4: Model of Potential Effect Modification by Neighborhood Factors  
 
 
Student Demographics: Individual Level 
College enrollment rates have shown a decline in male enrollment. This is 
partially attributed to a decline in male high school graduation rates.  In 2009, 10 million 
females had enrolled in college and 7.6 million males had enrolled in college.15  The 
number of males enrolled in college has decreased by roughly one million from 1970.  
The number of females enrolled in college became higher then the number of males 
enrolled in college and this college enrollment gaph s continued to spread over time.15  





(90.2%), whereas in 1975, 84.5% of males had completed high school compared to 
81.8% of females.64  The percentage of females who completed high school overtook the 
male percentage in 1980, and the gap has only widened.64   
There is a gap in attainment for Black and Hispanic students compared to Whites 
students. In 1975, 71.1% of Blacks, 25 to 29 years of age completed high school 
compared to 86.6% of Whites, 25 to 29 years of age.64  The gap has decreased slowly but 
still remains as 94.5% of Whites complete high school c mpared to 89.6% of Blacks.64   
Hispanics have the highest dropout rate (17.6%) in 2009.64  
1.4 Innovation and Significance 
Innovation 
The research conducted was innovative in that it examined a key time period in a 
youth’s educational development.  This time period was whether the youth completed 
high school or obtained a GED by 21 years of age.  This is a critical stage for young 
adolescents transitioning into adulthood.  Our study employed an adolescent population 
that allowed us to follow children with chronic health conditions as they were achieving 
this milestone.   
The dataset used also allows this study to be innovative.  There are very few 
nationally representative adolescent datasets that have a wealth of both health and 
education measures.  Datasets such as the National L gitudinal Survey of Adolescent 
Health sampled students that were currently in school whereas the National Longitudinal 
Survey of Youth- Cohort 1997 is a household survey that may be more inclusive of youth 
studied.  There are youth in our survey that had already dropped out of school as well as 





initially visited.  Students from alternative schools including home-schooled students 
were captured as well.  Youth with chronic health conditions may already be out of 
school because of the burdens of their conditions and these youth would not be captured 
in school samples.  This makes our dataset innovative nd very interesting because it may 
provide a more accurate representation of youth in e United States particularly youth’s 
educational attainment and chronic health conditions compared to other datasets. 
Incorporating both health and education variables makes this dataset unique and ideal to 
test the hypotheses.  
 Also, this study was innovative in its examination of youth limited by and onset 
of chronic health conditions as well as an investigation of specific types of chronic health 
conditions and how they are associated with education l attainment.  This study also had 
a robust assortment of chronic health conditions that were examined.  Prior literature 
tends to only look at a limited number of chronic health conditions.  Our chronic health 
conditions categories were developed from the conclusions and limitations of prior 
research and this provided innovation and further advanced the literature.   
The social ecological model, to the best of our knowledge, has never been used to 
study the association of chronic health conditions a d educational attainment.  This 
model allowed us to identify contextual factors and evaluate moderators.  Our model fits 
well into current educational literature as neighbor o d, family and school factors have 
been shown to influence educational attainment.  Alhough the specific framework was 
not used in this study, this research including effect modification and mediation can be 
extended to the Rumberger framework involving student isengagement.  Using the 





educational theory and literature that included applications to Rumberger’s framework 
makes this research innovative.   
Potential mediators and moderators have not been clarly examined in the 
literature for the association between chronic healt  conditions and educational 
attainment.  Past literature would suggest an associati n between chronic health 
conditions and educational attainment.  However potential mediation and effect 
modification that include: (1) academic variables such as cognitive impairment or school 
absences, (2) psychosocial such as psychiatric illness,  (3) neighborhood and (4) school-
level variables still need to be examined.  This study added to the literature by exploring 
these different areas. 
Significance of Research 
 There are an estimated 32 million children with a chronic health condition who 
are at risk for low educational attainment.1  Childhood chronic health conditions are on 
the rise in the U.S., and every year more students will face problems achieving in school.   
Poor educational attainment has major social and health consequences.  This study helped 
to identify predictors for youth with chronic health conditions at risk for low educational 
attainment and provided knowledge relevant for future strategies to keep these youth in 
school or to keep these students on a successful educational trajectory.  This research 
project had important public health significance because education is a key social 
determinant of health.  Understanding the underlying social factors that impact the health 
of a society helps to develop public health interventions, identify high-risk groups and 







 In the first paper, this study determined whether youth with types of chronic 
health conditions have poorer educational attainment compared to youth without chronic 
health conditions.  This paper also explored academic, psychosocial variables and the 
youth’s school and neighborhood environment.  An evaluation of mediating academic 
and psychosocial factors was also conducted.  In the second paper, the study determined 
whether youth who have early onset of a chronic healt  condition or are limited by their 
chronic health conditions have poorer educational att inment compared to youth who are 
not limited by chronic health conditions.  This paper also explored academic, 
psychosocial variables and the youth’s environment. The third paper identified effect 
modifiers in the association developed by the firstpaper between chronic health 























Chapter 2: Methodology 
 
2.1 Study Design, Data Source and Study Population 
 
 The study design used was a prospective cohort study.  The cohort was formed in 
1997 with 8,984 participants between the ages of 12 and 16.  The youth were followed up 
annually and data were available through 2009.  This is equivalent to 13 rounds of data 
collection.   Out of the 8,984 participants that began the study, less than 17% of 
participants were lost to attrition by 2009.  There were siblings included in our study 
from 6,819 unique households.  The exposure, chronic health conditions, was determined 
in the baseline year (1997) and a follow up year (2002).  
Data Source and Study Population 
 
 This study was a secondary analysis of one of the seven publicly available 
National Longitudinal Surveys (NLS design) sponsored by the Bureau of Labor 
Statistics.65 The National Longitudinal Surveys have formed and collected data on 
multiple cohorts that include: surveys of youth (1979 cohort and 1997 cohort), a survey 
of older men, a survey of young men, and a survey of young women.  Each of these 
datasets track significant life events and labor maket activities such as employment, and 
education.65  Our study used data from the National Longitudinal Survey of Youth – 
Cohort 1997 (NLSY ’97).66  The main goal of this survey is to examine youths’ transition 
from school to work and adulthood.65  This cohort is a nationally representative sample of 
8,984 youths aged 12 to 16 born as of December 31, 1996.65  The participants were 24 to 
30 at the time of their round 13 interviews (n=7,559).  Non-institutionalized households 





sampling design is explored in more depth in the Sampling section under Assessment of 
Potential Biases.   
 Parental and youth one-hour interviews were given n the first round (1997).  
Youth were asked about their early life and current history including health, academics 
and schooling.  The youth continued to be interviewed on an annual basis.  The parental 
and youth surveys were public use and could be downloaded by request from the NLS 
investigator website.66  Although this dataset emphasized employment and education, the 
youths’ relationship with parents, family formation, family background, alcohol and drug 
use, health and environmental variables were also collected through the youth and parent 
surveys65.  Transcript surveys and a cognitive examination (Armed Services Vocational 
Aptitude Battery), substance abuse variables as well as the short form of the Mental 
Health Inventory (a depression scale) were also publicly available.  The NLSY’97 has 
other surveys with restricted access that include information about the participant’s 
school and the participant’s residential community including the youth’s primary 
sampling unit, county residence and census tract residence.  
The data for the NLSY’97 were available for 13 rounds (13 years) of data 
collection, which is through 2009.  Youth surveys asked the participant for timing and 
types of degrees obtained and school history including whether the participant had 
repeated a grade.66  Incorporating both health variables and education variables made this 
dataset unique and ideal to test the hypotheses.  
Exposure Variable 
The exposure was chronic health conditions in childhood and young adolescence.  





(2002), (Appendix: Variables Implemented).  A parent was asked the following: (1) 
whether his/her child ever had a health condition, (2) what type of health condition, (3) 
when it was first noticed and (4) whether the chronic health condition limited them.  A 
participant was asked similar questions in 2002.  However these questions asked for a 
formal diagnosis.  The original questions are below:       
ORIGINAL QUESTIONS FROM 1997 PARENT QUESTIONNAIRE: 65  
 
Question # 1) Does [name of youth()] now have or has [ e/she youth()] ever had any 
other chronic health condition or life threatening disease such as asthma, heart condition, 
anemia, diabetes or cancer? 
 
Question # 2) What (is/are) the condition(s)?  (SELECT ALL THAT APPLY.) 
         
        1   Asthma 
        2   Heart condition 
        3   Anemia 
        4   Diabetes 
        5   Cancer 
        6   Epilepsy 
        7   Other (SPECIFY) 
 
Question # 3) How old was [name of youth ([parent calendar loop])] when the [text 
substitution for youth's chronic health problem or threatening disease()] was first noticed?  
(ENTER "0" IF RESPONDENT HAS HAD THIS CONDITION SINCE 
BIRTH.) 
 
Question # 4) Does the [text substitution for youth's chronic health problem or 
threatening disease()] currently limit [name of youth([parent calendar loop])]? 
 
        0   No, not currently limited by this condition 
        1   Yes, limited a little 
        2   Yes, limited a lot 
 
The participant was also asked similar questions in 2002.  They are listed below:   
                             
ORIGINAL QUESTIONS FROM 2002 YOUTH QUESTIONNAIRE:  
 
Question # 1) Have you ever been diagnosed with any other chronic health condition or 






Question # 2) What conditions have you been diagnosed with? 
(SELECT ALL THAT APPLY) 
 1   Asthma 
 2   Cardiovascular or Heart condition 
 3   Anemia 
 4   Diabetes 
 5   Cancer 
 6   Epilepsy 
 7   HIV/AIDS 
 8   Sexually transmitted disease other than HIV/AIDS 
 9   Other 
Question # 3) How old were you when the [chronic condition] was fir t diagnosed? 
(INTERVIEWER: ENTER "0" IF RESPONDENT HAS HAD THIS CONDITION 
SINCE BIRTH.)                                                  
Question # 4) Does the [chronic condition] currently limit your activities? 
 1   Yes, limits a little 
 2   Yes, limits a lot 
 0   No, not currently limited by this condition  
 
 These questions served as measures for type (paper 1, 3) and onset of chronic 
health conditions (paper 2) as well as whether the youth is limited by chronic health 
conditions (paper 2). 
 In paper 1, we first examined whether the participant ever had a chronic health 
condition.  We used question #1 (above) from both the 1997 and 2002 surveys.  The 
correlation between each of these surveys for question 1 is r=0.34.  When new 2002 
chronic health cases were excluded from this analysis, the correlation is r=0.67.  If a 
participant reported that they had a chronic health condition at either of these times then 
that would be recorded as “Ever having a chronic healt  condition”.  If the participant 
reported that they did not have a chronic health condition during both of these times this 
would be recorded as “Never reporting a chronic healt  condition.”  This variable was 





 Chronic health conditions were also categorized for analysis by type in paper 1. 
We used question #2 from both the 1997 and 2002 surveys.  We excluded specific 
diseases based on chronic health condition criteria from Mokkink et al.13   These 
researchers developed a definition of childhood chronic health conditions for 
epidemiologic studies.  Based on this definition, the conditions that we applied to our 
study were that: (1) disease is (yet) curable and (2) the disease has been present for longer 
than three months, will probably last longer than three months, or has occurred three 
times or more during the past year and will probably recur again.  Those participants that 
reported anemia, infectious diseases, sexually transmitted diseases other then HIV/AIDS, 
and allergies were not considered chronic health conditi ns for our categorized analysis.   
 We created four main categories: (1) asthma, (2) cancer, diabetes or epilepsy, (3) 
heart or cardiovascular condition and (4) other.  Asthma had a separate category because 
of the past literature which has determined asthma as better educational attainment 
outcomes compared to non-asthmatic chronic health conditions (cancer, diabetes or 
epilepsy).  Cancer, diabetes or epilepsy has been us d as a category in past literature.  
Also, we created this grouped category because the prevalence for each of the chronic 
health conditions was small and limited.  A chi-square test on each condition was 
performed.  This showed that each was similarly associated with poor educational 
attainment.  Heart or cardiovascular conditions had t e largest prevalence out of the other 
chronic health conditions.  This allowed it to have its own separate category.   The final 
category, other, grouped together the rest of the chronic health conditions.   
 There were participants that reported multiple chronic health conditions (6% of 





person’s educational attainment from previous literature.  If a participant reported more 
than one non-asthmatic condition they were categorized based on general disease 
severity.  For example, if a participant reported having cancer, diabetes or epilepsy and a 
heart condition this participant was categorized into the cancer, diabetes, or epilepsy 
category. 
 In paper 2, we identified participants that were limited by their chronic health 
condition as well as early onset of their chronic health condition.  We employed question 
#3 for those limited by a chronic health condition and #4 for early onset of the chronic 
health condition from the 1997 and 2002 questionnaires.  If a participant reported that 
they were  “limited a little” or “limited a lot” by the condition then they were classified as 
being limited by a chronic health condition.  These were combined due to small 
prevalence for each individual response.   If a participant reported not having a chronic 
health condition at both times, they were considere “n ver reporting a chronic health 
condition.” 
 Age at onset was measured by when the condition was first noticed in 1997 and 
first diagnosed in 2002.  The earliest age that was reported from either survey was used to 
describe age at onset.  A response of “0” was used to describe participants that were born 
with the condition.  We first conducted a univariate nalysis on this variable.  We 
determined that the mean age at onset was near 8 years of age.  The 75th percentile was 
12 years of age.  After examining the distribution of onset, we realized that 12 years of 
age is near completion of elementary school and start of middle school.   This seemed to 
make a sufficient cut-off period for early onset.  We believed that a cutoff of 8 years of 





years of age as the cutoff obscures the effect of early onset versus later onset.  We 
examined onset at later ages as well but this was categorized as later onset.  We also 
excluded the following conditions from our paper 2 analysis: allergies, anemia, sexually 
transmitted diseases other than HIV/AIDS, and infectious diseases.  This was done 
similarly based on the chronic condition consensus definition discussed earlier. 
 In paper 3 we used similar exposure measures (overall and type) as in paper 1.  
We classified and categorized our chronic health variables similarly using question #1 
and question #2 from 1997 and 2002.  These measures wer  then examined among 
different modification levels from the neighborhood, family and school. 
Dependent Variable: Outcome 
In this study, the outcome was operationalized by high school or GED completion 
by 21 years of age assessed from the youth surveys.  In each round that the participant 
was followed, they were asked whether and when the participant had received a high 
school diploma or obtained GED.  Survey staff develop d cumulative measures that 
identified when a high school diploma or GED was received in cumulative months.  
 Cumulative months start in the first month that the earliest participants were born; 
January 1980.  Months are counted from January 1980onward for the rest of the study.  
We first developed a unified measure for obtaining a GED or high school diploma 
completion in cumulative months.  In the event more than one GED was reported then the 
earliest month reported was used.  The end product had each participant’s high school 
diploma or GED completion in cumulative months.   
In order to determine the age that each participant completed his or her high 





months.  For example, if a participant were born in February 1981, then this would be 
recorded as 14 cumulative months.  After converting participant’s age into cumulative 
months, this number was subtracted by the participant’s high school or GED completion 
in cumulative months.   
This resulted in a measure that calculated the age (in months) each participant was 
when they received a high school diploma or GED.  When the participant is 252 months 
old, the participant is 21 years old.  Consequently, if the participant reported having 
completed their high school degree or GED by less than or equal to 251 months then they 
would be classified as “Completed a High School Diploma or a GED By 21 Years of 
Age.”  If the participant did not complete a high school diploma or a GED by 251 
cumulative months then they would be classified as “Not Completing a High School 
Diploma or a GED By 21 Years of Age.”  
A similar outcome had been previously incorporated in a study using the NLSY 
’97.27  In this study each participant had a measure that integrated the specific month 
during the study he or she had received a high school diploma or obtained a GED. 
Control Variables – Core Variables 
The following control variables were assessed at baseline (1997) and were used 
throughout the analyses:  (1) participant’s age, (2) participant’s gender, (3) participant’s 
race/ethnicity, (4) parent’s education.  These variables have been included in the past 
literature to estimate the association of heath or chronic health and educational attainment 
that also used nationally representative U.S. populations.  Each variable was also 
associated with the outcome based on the bivariate analyses (see Analysis section).  A 





was born.  As explained above, this was converted into cumulative study months.  This 
cumulative month measure was used to assess a partici n ’s age.  Age was later 
converted from months to years for sample descriptive statistics.  A participant’s gender 
was assessed in 1997 from whether the sex of the partici nt was male or female.  The 
dataset already had created dummy variables for (1) male and (2) female.  Race/ethnicity 
was classified by survey staff as: (1) Hispanic, (2) Black- Non-Hispanic, (3) Mixed Race- 
Non-Hispanic and (4) Non-Hispanic and Non-Black.  There were separate 1997 race and 
ethnicity questions but this variable incorporated these questions as well as household 
oversampling data and parent’s background.  The fourth category, Non-Hispanic and 
Non-Black, contained 94% participants that reported they were Non-Hispanic White.  
Every other racial category that was neither Hispanic nor Black (Asian, Alaskan, other) 
was also included in this category.  Only one percent of the sample reported having 
Mixed Race – Non-Hispanic. This group was collapsed into the Black- Non-Hispanic 
category for analysis purposes.  The highest grade that the mother or father completed 
were used to operationalize parent’s education level.  The parent’s survey interviewed 
one of the child’s parents in 1997.  This parent was asked what the highest grade that the 
biological father and biological mother’s education achieved irrespective of whether 
those parents were currently living with them or not.  This variable was recorded on a 
scale from 0 (no education) to 20 (8 years of college or more).   
Control Variables - Other Potential Confounding Variables  
 Other potential confounders included youth with learning disabilities, household 





association with these variables and educational att inment.27  Each variable may serve as 
a confounder in the association with chronic health exposures and educational attainment.     
A learning disability is defined by the Learning Disabilities Association of 
America as “a neurological condition that interferes with a person’s ability to store, 
process, or produce information” and can “affect one’s ability to read, write, speak, spell, 
compute math, reason and also affect a person’s attention, memory, coordination, social 
skills and emotional maturity.” 67  These learning differences do not affect a person’s 
ability but may impede their educational achievement and educational attainment.  
Students with learning disabilities were involved in preliminary analysis for models as 
potential confounders.   
 Having a 2-parent household plays a role in the educational attainment of a child.  
This variable was controlled for in past analyses of elf-reported health and educational 
attainment27.  Students that do not have a 2-parent household may be an important 
indicator of family instability and stress on the family.  This does not exclude 
dysfunctional 2-parent households from providing stress to the family.  However single 
parent households have one less wage earner and may represent an added burden that the 
family and child with a chronic health condition must further overcome.  
 We have mentioned above that past literature has sown an association with 
poverty and poor educational attainment.  This variable was controlled for in past 
analyses of self-reported health and educational att inment.27  Consequently, household 
income and household wealth were also involved in preliminary analysis for model 
selection as potential confounders.  In the model sp cification section, we discuss how 






 Neighborhood factors were first assessed from the county-level and we were later 
able to acquire data on the census tract-level.  A geocoded disc allowed access to county-
level residence for each participant in 1997.  County-level variables were obtained from 
SimplyMap and Census 2000 data.68,69  These numbers were combined into an EXCEL 
dataset and this aggregated information was imported into ArcMap.  A SAS dataset of the 
county that each participant resided in 1997 and each p rticipant’s ID were exported into 
a .dbf file, and imported into ArcMap.  The files in ArcMap were merged together and 
the final product was a spreadsheet of the participant’s ID, their 1997 county of residence 
and their county-level neighborhood variables.   Finally, this county-level neighborhood 
file was imported into SAS.      
 We were able to secure onsite access at the Bureau of Labor Statistics in 
Washington, DC.  This provided us with the participant’s census tract residence in 1997.  
We were able to have census tract estimates by merging Census 2000 information and a 
student location data using SAS 9.1.68  All of our reported analysis used census tract 
information.  This census tract-level provided a better estimate of the neighborhood 
compared to county-level.  We determined the SimplyMap data had insufficient material 
for the census tract level and we were unable to use it for the subsequent analysis.68,69  
We tried the county-level SimplyMap information in census tract analysis and these 
variables were not selected for our final model.69  Our selection methods for 
neighborhood variables are discussed in depth in Section 2.5: Model Specification. 
 Neighborhood county-level variables included: (1) neighborhood income, (2) 





EASI Total Crime Index, (6) medical access and (7) aggravated assault index.  
Neighborhood census tract-level variables included: (1) neighborhood income, (2) 
neighborhood education and (3) neighborhood race/ethnicity.  Neighborhood education 
was measured by the percentage of people 25 years and older in the area with less than a 
high school degree from the U.S. Census 2000 for the county and census-tract level.  
Neighborhood income was measured by the median income in the neighborhood from the 
U.S. Census 2000 on the census tract and county level.  Finally, neighborhood 
race/ethnicity was also analyzed from the U.S. Census 2000 for the county and census-
tract level.  Each of these variables was analyzed continuously.  When we only had 
county-level data available, none of the neighborhod variables were selected in our 
forward selection (see Analysis) so we also tried categorical variables as well.  Crane et 
al suggested that there may be a neighborhood tipping point for dropping out of school.59  
High and Low groups were created for neighborhood education based on the sample 
mean.  This allowed us to have two groups with similar sample size.  However we do use 
county-level variables in our final analysis.  All census tract neighborhood variables were 
examined continuously. 
School Factors  
 Onsite access also allowed us to use the National Longitudinal Survey of Youth - 
school surveys.  School-level variables were assessed from the school surveys and one 
question from the 1997 youth surveys.  In 1996, the National Opinion Research Center 
(NORC) developed school surveys.  All schools that had a 12th grade were surveyed from 
the study’s 147 primary sampling units.  Eligible schools were determined by a 





questions about the school.  If the form was not sen back, a short form was sent to the 
principal of these schools.  These forms asked slightly different questions. A follow up 
survey was sent out in 2000 for the original school as well as additional schools the 
participant had attended.  This form asked different questions as well.   
  We created school variables using both the long and short form of the 1996 
school survey and the 2000 school survey at the Burau of Labor Statistics.  If the school 
did not report a value for 1996, then the 2000 value from the school was used.  For many 
variables, the 1996 school survey required calculation of percentages whereas the 2000 
school survey had reported percentages from the princi al.  If our calculated percentage 
was over 100 hundred percent, then this would be considered missing.  The dataset was 
linked to the school that each participant attended in 1997.  If there was no school data 
available, the next school the participant attended was used instead.  The school level 
variables were categorized by school characteristics, teacher characteristics, and school 
environment.     
 School characteristics included (1) school type, (2) class size, (3) length of school 
year, (4) length of school day, (5) school race/ethnicity and (6) percentage of Limited 
English Proficient students.  School type from the 1997 youth surveys was categorized 
as: (1) public school, (2) private and parochial school, and (3) other.  For the school 
surveys, school type was categorized as: (1) public school and (2) private school.  There 
were multiple categories for school type in the school surveys.  However due to small 
sample size, we needed to collapse these categories into a binary category.  Class size 
was constructed from the number of teachers in the sc ool divided by number of students 





year (days) were determined.  If the principal repoted the number of hours but not the 
number of minutes, then only the number of hours waused.  The percentage of Non-
Hispanic Whites, Blacks and Hispanics were used to assess school race/ethnicity.  The 
percentage of Limited English Proficient students was also used.    
 Teacher characteristics included: (1) teacher experience, (2) teachers with 
advanced degrees and (3) 5-year teacher turnover.  The number of teachers with 10 or 
more years of experience divided by the total number of teachers at the school was used 
as the assessment of teacher experience at the school.  Similarly, the percentage of 
teachers with advanced degrees was assessed by the numb r of teachers with beyond a 
bachelor degree divided by total number of teachers.   
 The school environment was categorized into 3 different areas: (1) academic 
environment, (2) social environment and (3) affective environment.  The academic 
environment was measured by: (1) percentage truancy, (2) percentage tardy and (3) 
SAT/ACT scores.  The percentage of students that were tardy had a lot of missing values 
and was not used as a measure of the academic environment in the analysis.  A variable 
was created for youth schools that reported average SAT and ACT scores that 
standardized the ACT score to SAT scores from the Princeton Review.70  If both values 
were reported then the SAT scores were used.  Percentage truancy was measured by the 
percentage of reported students truant at the school.     
 The social environment was measured by: (1) possession of alcohol or drugs, (2) 
students under the influence of alcohol or drugs and (3) school conflicts and teacher 
abuse.  The reported percentage of students that possessed alcohol or drugs was assessed 





percentage of students that possessed drugs.  The maximum percentage that was reported 
for either of these questions was used.  The percentag  of students under the influence of 
drugs and alcohol was a variable that was created as well, but this variable had a lot of 
missing values because it was not asked in the 2000questionnaire.  School conflicts and 
teacher abuse also had too many missing values.  The amount of abuse or conflicts at the 
school was also assessed by the combined amount of verbal and physical abuse of 
teachers as well as the number of conflicts.  The percentage truant was also be used to 
represent the social environment as well.  The affectiv  environment was measured by: 
(1) curriculum involvement of teachers, and (2) curriculum involvement of parents.  The 
principal rated the involvement on a scale from 1 to 4.  Both of these variables also had a 
lot of missing values, and neither was asked in the 2000 survey.  
 The school dataset with the created variables was then linked to the participant’s 
identification number by the school they attended in 1997.  Nearly half of the participants 
had missing values for school level information.  To increase sample size, if the 
participant attended a school in 1997 that did not have available information, then the 
next available school the participant attended was used (until 2004).  In the final analyses, 
a model that kept only the 1997 school attended subjects as well as a model with the 
added school values yielded very similar results and trends.  The variables: percentage 
tardy, curriculum involvement of teachers, curriculum involvement of parents, school 
conflicts and teacher abuse, students under the influence of drugs and alcohol were 
removed from the analyses due to sample size considerat ons.  We also removed the 1997 
youth survey’s school type variable from the final analysis.  Our initial models kept this 





able to access and use in our final analyses the princi al-reported school surveys measure 
of school type.  The youth survey had more observations including the “Other” category 
that may include alternative schooling.  Analysis showed this variable produced similar 
results as the school survey’s school type binary viable.     
 Below is a list of variables that we initially creat d for the school and 
neighborhood dataset.  In Section 2.5: Model Specificat on, we discuss the selection 
methods for school and neighborhood variables into our model. 
Table 3: Measures Implemented In NLSY’97 for School and Neighborhood 
 
Type  Obtained 
From 
Category Variables Measured Responses 




Crime Murder Index, Total 













Education Percentage with Less 
then high school degree  
Census Tract 2000 
Percentages 






Medical Index Easy Analytic 
Software Inc. 
Scales, SimplyMap 







Income Median Household 
Income in 1999 
Census 2000 in $ 
School School 
Surveys 




Type Length of School Year 
and Day 
Year: Days, Day: 





Type School Type Public, Private and 
Parochial, Other 





Surveys Language English as a Second 
Language program 
School  School 
Surveys 












School  School 
Surveys 
Type Class Size Estimate  Number of 
Students Enrolled 

























Teacher Turnover Teachers who 
taught five years 
ago/ Number of 
Teachers 
School  School 
Surveys 
Environment Overall Environment Percentage of 
students tardy on a 
typical day 




Overall Environment Percentage truant 






















Social Environment Percentage of 






















Social Environment Number of Physical 
and Verbal Abuses 
of Teachers 




Affective Environment 1 to 5 Scale, 



















Student Movement Number of 
Students Enrolled 





Continuous and Categorical Variables 
 Initially each numeric school variable used in the analysis was kept continuous.  
These variables were constructed both categorically and continuously.  Two numeric 
variables were changed to categorical: percentage of non-Hispanic Whites and percentage 
of teachers with advanced degrees.  It was believed that higher or lower percentage 
categories better characterized these groups.  Nettles t al examined racial composition 
and academic achievement in school and used higher or lower groups (in terms of high or 
lower percentage of Whites).55  Our study examined the cumulative frequencies of this 
school variable.  The unweighted mean was used as the reference to determine the 
categories.  This allowed us to have a similar number of subjects in each group for 
analysis.  Percentage of teachers with advanced degrees was also incorporated as a 
categorical variable.  Analyzing this variable continuously gave us odds ratios that were 
all close to 1.00.  This was a reflection of very small reported percentage changes.  We 
added this variable categorically because we wanted to better display the effect including 
directionality of the association with poor educational attainment.  The mean unweighted 
percentage was used as the division between higher and lower groups.   This ensured that 






 For paper 3 we evaluated effect modification.  Higher or lower groups for 
numeric variables were categorized for stratification.    The mean of the sample was used 
to keep comparable sample sizes among each strata.  For example, percentage truancy 
was categorized into a higher group and a lower group based on the sample mean of 
3.93% truancy.   
Individual level Academic and Psychosocial Factors 
 Academic variables included cognitive score, grade point average, school 
absences and whether the participant had repeated a grade (For list refer to the Appendix: 
Variables Implemented).  These data were accessed from a cognitive examination, 
student transcripts and self-reported surveys.  Psychosocial variables were also 
investigated.  These variables included depressive symptoms score measured by the 
Mental Health Inventory-5, a depression scale, as well as self-reported substance abuse, 
and whether the participant felt safe at school or was a victim of bullying.  All of these 
potential mediating variables were used in paper 1.    
 The final models separately added academic, psychoocial, school and 
neighborhood variables.  Paper 1 included each academic and psychosocial variable with 
the exception of youth who repeated a grade in the model.  Based on sample size 
restraints from our other chronic health measures, w  did not include victim of bullying, 
cognitive score and number of absences in paper 2.   For youth limited by a chronic 
health condition, we only used youth who repeated a grade.  Youth who repeated a grade 
and high school grade point average were used for both early onset of a chronic health 
condition and youth limited and had early onset of a chronic health condition.  Cognitive 





analyses models.  Victim of bullying did not have a significant effect on educational 
attainment and was the only psychosocial variable that was not included in our paper 2 
models.  Academic and psychosocial variables were not included in paper 3.       
 Cognitive score was assessed from the Computer Assisted Technology – Armed 
Services Vocational Aptitude Battery (CAT- ASVAB).71  In 1997 or 1998, the 
examination was administered to participants.  The validity and reliability of this 
instrument has been widely studied on many populations.72  There were four sections that 
included: (1) mathematical knowledge, (2) arithmetic reasoning, (3) word knowledge and 
(4) paragraph comprehension.  An exhaustive review by Welsh et al examined the 
content, criterion, and construct validity for the ASVAB.72  One of the validity studies 
incorporated the NLSY’97 population.  Each section of the examination has good content 
validity.  The CAT-ASVAB has an overall estimated reliability of 0.97.72   
 Aggregate Verbal and Math scores were computed.  An overall score that 
includes all sections of the ASVAB is known as the Armed Forces Qualification Test 
(AFQT) score.  This score incorporates weights and percentiles based on the general U.S. 
population.  However, an AFQT score was not assigned for this dataset because it was 
assumed that the young NLSY’97 population would not be properly represented with 
these weights.60  However, an overall percentile score ranging from 0 - 99 was developed 
for the National Longitudinal Survey of Youth – Cohort 1997.  This score was 
constructed with very similar methodology as the AFQT score.  Sampling weights based 
on age of the participant were applied.  
 Participant’s grade point average in high school was assessed from high school 





2004, transcripts were collected for all participants i cluding participants that were 
missing transcripts from the first data collection.  The overall GPA was used for this 
study.  This measure also incorporated the quality of he credits using the Carnegie 
Weighting System.59  This method gives a higher weight to higher quality credits.  The 
GPA scores ranged from 0.0 (Lowest) to 5.0 (Highest). 
 Absences from school were assessed from transcript and the self-reported 
surveys.  In 1997, participants were asked to report the number of absences that they had 
during the last fall term.   We also used absences from the transcript surveys from the 
1999, 2000 and 2001 school years.  The maximum number of reported absences from 
either source was used.  Self-reported information was also incorporated because there 
was limited absence information from the transcripts.  However, this measure allowed us 
to give the transcripts more influence because of the longer time periods assessed on the 
transcripts.  If a participant’s absences from school were missing from transcripts then the 
self-reported survey was used.     
 Youth that repeated a grade was assessed from a cuulative measure that survey 
staff created from the youth surveys.  This variable included any repeated grades from 
elementary school, middle school and high school.  We initially collapsed this measure 
into “Repeated 2 or More Grades”, “Repeated 1 Grade” nd “Never Repeated a Grade.”  
A binary variable was primarily used in the analyses that categorized the measure further 
into “Ever Repeated A Grade” and “Never Repeated A Grade.”     
 Depressive symptoms score was assessed from the Mental Health Inventory – 5 
(MHI-5, short form).73,74  This short form contains 5 questions and is used as a quick 





The Mental Health Inventory forms were designed by the National Health Insurance 
Study to evaluate mental health issues such as anxiety, depression, behavioral control, 
positive effect and general distress.73  This instrument helps in the measure of overall 
emotional functioning.  The MHI-5 has shown good convergent and discriminant validity 
for mood disorders.73  The long and short forms of the Mental Health Inve tory were not 
developed to be a formal diagnostic instrument for depression.  This inventory was 
administered biennially from 2000 to 2008.  Our depressive symptoms variable used the 
2000 inventory but if any of the responses to the qu stions were missing, the 2002 
responses were added (n=398 cases).   
 The original 5 questions and responses of the Mental Health Inventory-5 from the 
National Longitudinal Survey of Youth – Cohort 1997 are listed below: 
(1) How much of the time during the last month have youbeen a very nervous 
person?                  
                                                                                                                            
 1 All of the time        
 2 Most of the time       
 3 Some of the time       
 4 None of the time         
      
(2) How much of the time during the past the last month have you felt calm or 
peaceful?                
                                                                                                                            
 1 All of the time        
 2 Most of the time       
 3 Some of the time       
 4 None of the time        
         
(3) How much of the time during the last month have youfelt downhearted and blue?         
                                                                                                                 
 1 All of the time        
 2 Most of the time       
 3 Some of the time       
 4 None of the time        
        
(4) How much of the time during the last month have youbeen a happy person? 





 1 All of the time        
 2 Most of the time       
 3 Some of the time       
 4 None of the time        
         
(5) How much of the time during the last month have youfelt so down in the dumps 
that nothing could cheer you up?               
                                                                                                                        
 1 All of the time        
 2 Most of the time       
 3 Some of the time       
 4 None of the time 
 
 These questions were scored from 1 to 4 as shown above.  Questions 2 and 4 were 
reverse scored.  These questions’ scores were added tog ther yielding an overall range of 
5 – 20.  This score was transformed to reflect a 0 – 1 0 scale similar to past studies.72  
We used this equation:77,78,79  
Transformed score = ((Raw score – Minimum possible raw score)                   
                                 _____________________________________      * 100 
                   Possible raw score range) 
                  
Transformed score = ((Raw Score – 5) / 15) * 100 
 A higher score indicated more depressive symptoms.  There have been studies 
examining cutoff points for the Mental Health Inventory – 5 that are suggestive of 
depression but none have been widely accepted.77,78,79  Although we never intended to 
measure depression with this instrument, we replicated some of these cut-off points.  
Applying these cutoffs to our study produced only a small percentage of participants as 
having depression.  A diagnosis of depression may not be appropriate for our adolescent 
population.        
 Substance abuse was assessed from the 1997 youth survey.  This survey asked if 
participants ever used many types of drugs.  The following three questions were 





drank and has the participant ever used marijuana?  We categorized our measure into the 
following categories: (1) if the participant reported using all three, (2) reported using any 
of them but not all three or (3) reported using none f the above.  We used the “ever” 
measures because this is a young adolescent populati n where initiation for any of these 
drugs is more important then cumulative usage.  As participants used more types of 
drugs, there was a gradient increase in the number of participants with poor educational 
attainment. 
 Responses on a 4-point Likert scale from the 1997 youth survey assessed whether 
participants felt safe at school.  Responses ranged from “strongly agree” to “strongly 
disagree.”   Haas and Fosse assessed those that fel safe at school in the same manner.27 
Variable Selection Hypotheses 
 Along with the theoretical framework and literature review, a determination of the 
variables for modeling was considered.  The dataset off red an abundant number of 
variables.  A three-tier list of importance of variables was created which looked at: core 
variables, principal variables and other variables.  Core, principal and other variables 
were based on the past literature, theory and past models of chronic health conditions and 
educational attainment.  This assignment of variables was useful when identifying 
variables for our model but was later evaluated with the confounder analysis and 
elimination analysis of school and neighborhood factors (See Section 2.5 Model 
Specification).  Academic and psychosocial mediators were added from the health and 
educational literature.27  
 The Maslow article on chronic health conditions and educational attainment used 





variables.   The variables that were used in this study’s model were age, sex, 
race/ethnicity and parent educational level.  These variables were included in my model 
as essential variables.      
 The Haas and Fosse article on self-reported health and educational attainment 
used many types of variables from the National Longitudinal Survey of Youth dataset.27  
These variables were participant’s gender, participant’s age, participant’s race/ethnicity, 
household income, household wealth, mother’s education, father’s education, 2-parent 
household, learning disability, household income and household wealth.  The variables 
included in Maslow et al’s study were also included in the Haas and Fosse study.8,27  This 
gave more credence to Maslow et al’s list of variables.   
 As we have discussed earlier the Haas and Fosse study also had academic and 
psychosocial variables that we will evaluate as potential mediators in our study.  All these 
variables could aid in my study.  However, there may be some overlap in variables such 
as household income and household wealth.  More variables that may overlap are grade 
point average and ever repeated a grade.  Our multicollinearity analysis was used to 
examine all variables added to our study and whether they contributed to 
multicollinearity (See Sections: Multicollinearity and Correlation Analysis). 
Neighborhood and school factors were also assessed in this study.  It is important 
to explore the level of influence that the neighborhood’s education has on the association 
of chronic health conditions and poor educational att inment.  Other neighborhood level 
variables in our principal group (Tier 2 category) were examined and included 
neighborhood race/ethnicity and neighborhood income. It was also important to explore 





the association of chronic health conditions and poor educational attainment.  Other 
neighborhood variables previously explained were examined and were in our Tier 3 
category.  
School factors that were examined are based on the most significant factors from 
the educational literature.  From our literature review, studies conducted addressed many 
important variables.  However it was difficult to determine the best indicators from the 
literature because many of the studies examined different variables from different levels 
of analyses.  Schools from separate states or localities were investigated, and there were a 
lack of standardized measures for variables from the school environment, and teaching 
quality.   
School factors for high school that appeared to have the largest effect and 
relevance to our study are school type, class size and teacher’s experience.  These 
variables were relatively standardized in the litera u e and have also been shown to be 
very influential to a student’s achievement and development.  School variables may also 
be related to the association of chronic health conditions and educational attainment as 
well.  Youth with a chronic health condition’s achievement could potentially be affected 
by teacher experience.  The teacher may have experinc  with students with similar 
difficulties and may have developed ways improve their participation, progress, and 
achievement.   
School type was important to our study since the literature has shown that certain 
private schools help reduce dropout rate.41  Private schools are shown to have better math 
and reading scores compared to public schools with scores becoming more disparate in 





principal variable added to our study.  Teachers can give students with chronic health 
conditions more attention that may affect their educational achievement.  However these 
variables were further investigated from the preliminary forward analysis to determine if 
it should be included in the model.  More recent studies note that small classes were more 
important in the initial stages from kindergarten to 3rd grade and the importance decreases 
in secondary school.51,80 
Overall, the list of variables and categories provided an initial hypothesis of the 
potential importance of these variables (See Appendix for Categories).  The model 
specification section provides the detailed selection and evaluation of these variables.  In 
our conclusion section (Chapter 6), we address how different these variable selection 
hypotheses were compared to our results.     
2.2 Assessment of Potential Biases 
Sampling 
 This study was an analysis from a nationally representative sample.  A complex 
multi-stage sampling design was used.  Participant’s households were selected from 147 
primary sampling units in the United States.  The sample was developed to represent the 
civilian, non-institutionalized population of U.S. youths 12-16 years of age as of 
December 31, 1996.    
 Two subsamples were developed: (1) a cross section of people born from January 
1, 1980 to December 31, 1984 living in the United States in 1997 and (2) a 
supplementary group that oversampled Hispanics or Latinos and Blacks living in the 
United States in 1997 and born during the same time as the other subsample.  Housing 





random sampling.  Random sampling avoided selection bias and provided 
representativeness of the U.S population.  Field researchers visited areas selected within 
the 147 primary sampling units.  Screening interviews determined which housing units 
had eligible populations for the main interviews.  Youth participants that were currently 
staying at a general hospital were also considered ligible.  This survey design allowed 
for a nationally representative sample with customized weights, clusters, and strata.  
  Loss to follow up from this study may cause a selection bias, as youth who do not 
complete the study may be different than youth who are still engaged in the study.   We 
are also not certain if youth missing from the restof the study completed high school or a 
GED.  However, this study has a very good participant retention rate (less than 17% 
attrition by Round 13).  The basic analytic sample’s average follow up is over 10 rounds.  
A comparison of the overall sample versus the analytic sample shows that each is very 
similar in terms of all variables in our models.         
Analytic Samples 
 
 In our first manuscript the analytic sample was n=6,795.  From the initial sample 
of 8,984, there were 8,849 participants that had a cumulative value for our educational 
attainment measure.  This information was obtained from the youth surveys.  This 
number was further reduced based on the number of partici ants who were included in 
our chronic health measure (n=7,196).  This number was also reduced from the number 
of participants with a reported parent’s education (n=8,503).  Based on these missing 
values for each variable, the analytic sample for our final model was n=6,795.   
 In our second manuscript we also start with 8,984 participants in which 8,849 





participants, 7,134 participants reported values for our onset measure and 7,098 
participants reported whether they were limited by a chronic health condition.  In 
addition, there were 8,503 participants that had a parent’s education.  Our final model’s 
analytic sample was n= 6,738 for onset and n=6,701 for our limited measure.   
 Finally, our third manuscript followed a similar path as the first manuscript.  We 
used the same chronic health measure in both manuscripts.  However, we also 
implemented an additional step in which we added school and neighborhood factors.  
Overall the final analytic sample for the third manuscript was n=3516.      
Missing Data Analysis 
 This analysis used data from only complete cases.  There were several missing 
values from the school and neighborhood-level analyses (n=3339).  This large number of 
missing values was mostly due to missing school-level information.  Bivariate analyses 
(chi-square or t-test) were conducted that determined differences between the analytic 
samples in the manuscripts and missing school values based on the exposures and 
confounding variables used.  The exposure, and variables 2-parent household and gender 
of the participant in the analytic sample were not significantly different compared to the 
exposure and variables 2-parent household and gender from the missing values.   
 However, the bivariate analyses showed that missing values for the variables 
parent’s education, race/ethnicity and age of the participant were significantly different 
compared to the analytic sample.  Parents in our analytic samples were more educated, 
had less Blacks and Hispanics and were older compared to missing school samples.  This 
does bias our school sample to have more educated pr nts (by less than half of a grade) 





also more Non-Hispanic, Non-Black by near 3 percent.  The age of the participants was 
significantly different because younger participants may not be old enough to attend a 
school with a 12th grade in 1997.  We tried to correct this by adding the next school the 
student attended if the 1997 school was unavailable. Th se differences are statistically 
significant but are still very similar.  In addition we conducted a logistic regression that 
recreated our final model with only missing school and neighborhood values.  We found 
that the odds ratio that was generated was similar to our analytic sample’s odds ratio in 
the first manuscript.  For the second manuscript, the odds ratios were similar for age at 
onset when we compared our neighborhood and school onset model to a model 
containing only missing neighborhood and school values.   
 When we conducted a similar comparison for the variable, limited by a chronic 
health condition, the missing school and neighborhod values had a lower odds ratio for 
poor attainment compared to our limited model suggesting that our final school and 
neighborhood model slightly overestimated this associati n. Based on partially on these 
findings, we displayed two school models in our final analysis for those limited by a 
chronic health condition.  The first model did not include the variable percentage truancy 
and the second model included all school and neighborhood variables.  This allowed us to 
present a model with fewer missing values.  The model without the variable percentage 
truancy had a very similar odds ratio to our basic model and the final model had a slightly 
higher odds ratio compared to the basic model.  Regardless, our main findings from the 
school and neighborhood in the second manuscript were based on the onset variable as 





 We also did analysis on our other missing values.  Our initial analytic sample had 
a sample size of 6,795 out of the 8,984 participants.  This was close to 80% of the full 
sample.  Many of these values were missing from the chronic health surveys.  Bivariate 
analyses comparing the difference between the analytic sample and this missing data 
revealed the exposure, and the variables 2-parent house old and gender are not 
statistically different.  However the variables, parent’s education and age were 
significantly different in our bivariate analyses.  Overall, our initial samples were biased 
for more educated parents (by a quarter of a grade) nd comprised of younger participants 
by 3 months.       
Academic and Psychosocial Variables 
 Most of the academic and psychosocial variables had rel tively few missing 
values based on the general inaccessibility of some f these objective measures including 
grade point average, cognitive score, depressive symptoms score and absences from 
school.  This was partly due to the way these variables were developed (Section 2.1).  
Out of the academic variables, those that repeated a grade had the lowest amount of 
complete values (n=5943).  This variable was initially not used when we first added 
academic variables in paper 1.  This was done partially because it was correlated with 
some of the other academic variables (cognitive score: r=-0.39 and grade point average: 
r= -0.30) but it was also because we did not want to have more missing values in our 
model.  In paper 1 and paper 2, we had several different models that added different 
combinations of academic and psychosocial variables together as well as certain models 
that added these variables individually.  These models showed similar effects.  In paper 2, 





did not include some psychosocial and academic variables that we have included in paper 
1.  Missing data analysis for paper 1 and paper 2 for academic and psychosocial variables 
show that the amount of each exposure is similar across missing values and the analytic 
sample (See Appendix).  For each pathway of the mediation analysis, the sample size was 
restricted to only the complete case subjects in the final pathway where exposure and 
mediator were both added in the model.     
Misclassification 
 Misclassification of the exposure or outcome can be problematic in a study.  
Chronic health conditions as an exposure can be difficult to measure due to their dynamic 
nature, including differences in the overall definition of chronic conditions.   In our study, 
we reduced the misclassification error by defining chronic health conditions based on 
whether the participant ever reported having a chronic health condition from two 
different time periods (1997, 2002).  However, this did not include participants that 
develop a chronic health condition after 2002.  These measures were entirely based on 
self-reported (2002) or parent-reported (1997) surveys that may be subject to 
measurement error.  We are not implementing any objective test or receiving medical 
records to prove that these participants had chronic health conditions.   As shown above 
from the original questionnaires, these surveys are asking slightly different questions.  
The 1997 parent survey asked if the participant ever had a chronic health condition.  The 
2002 youth survey asked if the participant was ever diagnosed with a chronic health 
condition.   These capture different chronic health participants.  These differences in the 
questionnaires subject the youth to exposure misclas ification. In 2002, participants that 





counted as having a chronic health condition.  After univariate analysis, we found that 
there were more participants that had a chronic conditi  in 2002 compared to 1997.  
This seemed reasonable as the youth are older.  Univariate analyses also revealed 
percentages for specific types of chronic health conditions, such as asthma and cancer, 
that were similar to prior childhood and adolescent chronic health condition literature8.  
 We also tried to improve upon our categorization of exposure by implementing a 
prior consensus definition for chronic health condition used in Mokkink et al and the 
variable that asked respondents to delineate the type of chronic health condition 
reported.13  This framework allowed for a potential improvement to categorizing our 
exposure.  Both the initial classification of chronic health condition as well as the updated 
categorization was implemented in our analyses.  We also examined different measures 
that included type of, youth limited by, onset of and youth limited and having early onset 
of chronic health conditions measures to better understand the association of many 
chronic health condition measures on poor educationl attainment.   
 Educational attainment defined as if a high school diploma or GED was 
completed by 21 years of age may be subject to measur ment error.  A similar outcome 
measure was used for receiving a high school diploma r obtaining a GED.27  We 
conducted univariate analysis which showed more than 85% of the sample completed 
high school or a GED by 21 years of age, which is similar to prior high school and GED 
completion in the educational literature.  Bivariate nalysis with confounders and other 
variables including participant’s gender, participant’s race/ethnicity, and parental 
education showed associations that are representative of prior educational attainment 





exposure and outcome were most likely non-differential misclassifications that affected 
exposed and unexposed similarly and bias the results toward the null hypothesis (that 
there was not an association between chronic health conditions and poor educational 
attainment).   
 We assessed many potential confounders in our confounder analysis.  This 
reduced the chances of residual confounding.  The confounders that were measured may 
also be subject to misclassification as well.  Univariate analyses of all potential 
confounders were conducted.  
2.3 Statistical Approaches to Test Hypotheses 
Power Analysis 
A power analysis is traditionally implemented befor conducting a study when 
there is primary data collection.  Having sufficient power reduces Type II errors, which 
are when an investigator rejects the alternative hypothesis (true effect) when in fact there 
is a true effect.  An adequate sample size is critical o having sufficient power to detect 
associations.  If the power is too low to detect an association with a fixed set of 
participants, the researcher may not be able to detect an effect when there is a true effect, 
and this would be detrimental to a study.  Therefore it is important to conduct a power 
analysis when the sample size is fixed.  Also, a power calculation from previous literature 
may aid in determining the approximate sample size needed to conduct a study.  
Our study conducted power analyses based on the associ tions studied for each 
paper.  For the first manuscript that examined the association between chronic health 
conditions and educational attainment, the power analysis implemented a two-sample 





sample size to determine whether an effect can be identified in the association between 
chronic health conditions and their educational attainment using SAS 9.2.   The SAS 
power procedure, proc power, was implemented to estimate the power from a two-sample 
proportional test.  The proportion (percentage) of youth who reported chronic health 
conditions and did not attain a high school degree or GED was compared to the 
proportion of youth who did not have chronic health conditions and did not attain a high 
school degree or GED.   
Results from this analysis found youth with chronic health conditions have a 
smaller percentage of participants who had completed high school or a GED by 21 years 
of age.   There were 1558 students (22% of the weight d sample) who reported ever 
having a chronic health condition in 1997 and 2002.  Among youth with chronic health 
conditions, 15% did not receive a high school diploma or GED prior to becoming 21 
years of age.  Among youth without chronic health conditions, only 12% of youth did not 
receive a high school diploma or GED prior to becoming 21 years of age (n=5558).  
Using a likelihood ratio chi-square two-sample proportional test, the power estimate was 
0.98 with weighted percentages (two tail).  This indicated that there was a 98% chance of 
detecting a significant difference (alpha=0.05) if there was, in fact, a difference between 
reported chronic health conditions compared to youth wi hout chronic health conditions 
and poorer educational attainment.  This analysis wa  an estimate and did not take into 
account covariates, which may change the difference between proportions. 
We wanted to determine whether we would have enough power for our mediation 
analysis for youth that reported cancer, diabetes or epilepsy compared to youth who did 





20% did not receive a high school diploma or a GED by 21 years of age.  Among youth 
who did not report a chronic health condition (n=5638), 12% of them did not receive a 
high school diploma or a GED by 21 years of age.   Using a likelihood ratio chi-square 
two sample proportional test the power estimate was 0.77 with weighted percentages 
(two tail) which means that there was a 77% chance of detecting a significant difference 
(alpha=0.05) if there was, in fact, a difference between youth with cancer, diabetes and 
epilepsy compared to youth without chronic health conditions and poorer educational 
attainment.   
 The second paper examined youth limited by a chronic health condition, early 
onset of chronic health condition and youth limited and had early onset of a chronic 
health condition.  The variable limited by a chronic health condition was based on 
whether youth with a chronic health condition reported that their chronic condition 
currently limited them in 1997 or 2002.   For this power analysis, the proportion 
(percentage) of youth who were limited by their chronic health condition and did not 
attain a high school degree or GED by 21 years of age was compared to the proportion 
that did not attain a high school degree or GED by 21 ears of age.    
There were a total of 559 participants that had a condition that currently limited 
them “a lot” or “a little.”  Among youth currently limited by the chronic health 
conditions, 17% did not receive a high school diploma or GED prior to becoming 21 
years of age.  Among youth who did not report a chronic condition, only 12% did not 
receive a high school diploma or GED prior to becoming 21 years of age.  In these 
proportions, there were 553 participants who were limited by their chronic health 





Using a likelihood ratio chi-square two-sample proportional test, the power estimate was 
0.97 (two tail) which means that there was a 97% chan e of detecting a significant 
difference (alpha=0.05) if there was in fact a difference in youth reporting being currently 
limited by their chronic health condition compared to youth who did not report a chronic 
health condition and poorer educational attainment.  This analysis was an estimate and 
did not take into account covariates, which may change the difference between 
proportions.  
Early onset of a chronic health condition was measured when it was reported how 
old the participant was when the chronic health condition was first identified, diagnosed 
or noticed.  Youth that reported having a condition at 12 or younger (75% of the earliest 
conditions) was considered early onset.   Among youth with early onset of chronic health 
conditions, 16% did not receive a high school diploma or GED prior to becoming 21 
years of age.  Among youth with later onset of chronic conditions, 14% did not receive a 
high school diploma or GED prior to becoming 21 years of age.  Among youth who did 
not report a chronic condition, 12% did not receive a high school diploma or GED prior 
to becoming 21 years of age.  In these proportions, there were 975 participants who 
reported early onset of a chronic health condition and 5558 participants who did not 
report a chronic health condition.  Using a likelihood ratio chi-square two-sample 
proportional test, the power estimate was 0.98 (twotail) which means that there was a 
98% chance of detecting a significant difference (alph =0.05) if there was in fact a 
difference in youth reporting being currently limited by their chronic health condition 
compared to youth who did not report a chronic healt  condition and poorer educational 





 Initially, there was also an attempt to detect differences in disease duration and 
educational attainment using only youth participants that reported onset of a chronic 
health condition.  Based on our power analyses, there would not be enough power to 
measure disease duration either continuously or categorically (high duration versus low 
duration) using only the participants that reported onset of chronic health condition.    
Duration was measured by the age of the participant when the chronic health condition 
was reported subtracted by the onset of a chronic health condition. The longest duration 
was used if the participant reported a chronic healt  condition’s duration in both 1997 
and 2002.   
Our first power analysis used duration as a continuous measure.  This required a 
comparison of group means for youth who did or did not graduate from high school or 
received a GED by 21 years of age.  There were 1,321 participants who reported duration 
for their chronic health condition in 1997 or 2002 (87% of youth reporting a chronic 
condition).  This power analysis only included these 1,321 subjects.  We wanted to 
determine whether we could examine only the participants that reported a duration. 
Among youth who graduated from high school or received a GED by 21 years of age, the 
mean chronic health condition duration was 7.93 years (Standard Deviation (with 
weights) =281.89, n=1076).  Among youth who did not graduate from high school or 
received a GED by 21 years of age, the mean chronic health duration was 7.56 years 
(Standard Deviation (with weights) = 297.44, n=245).  The estimated power was .05 
(two-tailed). This indicated that there was a 5% chance of detecting a significant 
difference (alpha=0.05) if there was in fact a difference between durations for youth that 





did not take into account covariates, which may change the adjusted means.  Overall, due 
to power considerations we cannot adequately compare differences continuously among 
youth that only reported duration of a chronic health condition.  Next, we examined these 
1,321 participants categorically as well.       
There was also not enough power to measure duration categorically.  After 
looking at a frequency of reported duration, youth who reported duration of 8 years have 
a cumulative frequency (from 0 years – 8 years) of 53%, the closest cumulative 
frequency to 50%.  For this power analysis, there was division between youth who were 
considered long duration (8 years or more, n=673) and youth who were considered 
shorter duration (7 years or less, n=627).  The proportion (percentage) of youth who had 
a long duration of the chronic health condition and did not attain a high school degree or 
GED by 21 years of age (16.0%) were compared to the proportion of youth who had a 
shorter duration of the chronic health condition and did not attain a high school degree or 
GED by 21 years of age (15.5%).   Using a likelihood ratio chi-square two-sample 
proportional test, the power is 0.08 (two-tailed) which means that there was an 8% 
chance of detecting a significant difference (alpha=0.05) if there was in fact a difference 
in youth reporting having a long duration compared to only youth with a chronic health 
condition with a shorter duration and poorer education l attainment.  Due to power 
considerations, we cannot adequately compare differences categorically among only 
youth that reported onset of a chronic health condition and therefore we cannot measure 
duration.  However, as shown above, we had significant power to examine the association 





attainment.  Based on these power analyses, we implmented those without a chronic 
health condition as our comparison group.          
The association of youth limited and had early onset of chronic health condition 
and poor educational attainment was also incorporated in paper 2.   Combining onset of a 
chronic health condition and youth limited by a chronic health condition captured an 
extremely high-risk group and may better capture the dynamic nature of chronic health 
conditions.  Combining youth limited by a chronic health condition and early onset of a 
chronic health condition may be an effective estimae for duration.  For example, if the 
participant first identified the chronic health condition when they were 15 and at the time 
of the interview was not currently limited by the condition, the duration should not be 
based on the participant’s interview age.  There were 406 participants that were both 
limited and had early onset.  Youth that did not report a chronic health condition were the 
comparison group (n=5731).    
For this power analysis, the proportion (percentage) of youth who were limited 
and had early onset and did not attain a high school degree or GED by 21 years of age 
was compared to the proportion of youth that not did not report a chronic health condition 
and did not attain a high school degree or GED by 21 ears of age.   Among youth 
limited and had early onset, 18% of youth did not receive a high school diploma or GED 
by 21 years of age or younger.  Among youth in the comparison group, only 12% of 
youth did not receive a high school diploma or GED by 21 years of age.  Using a 
likelihood ratio chi-square two-sample proportional test, the estimated power was 0.975 
(two-tailed), which means that there was a 97.5% chan e of detecting a significant 





limitation group compared to youth not reporting a chronic health condition and poorer 
educational attainment.   
In the third paper, we examined moderators within te variable chronic health 
conditions and educational attainment. The variable wh ther or not the participant had a 
chronic health condition was used.  Among youth with chronic health conditions, 15% 
did not receive a high school diploma or GED prior to becoming 21 years of age.  Among 
youth without chronic health conditions, only 12% did not receive a high school diploma 
or GED prior to becoming 21 years of age (n=5558).  Using a likelihood ratio chi-square 
two-sample proportional test, the power estimate was 0.98 with weighted percentages 
(two tail) which means that there was a 98% chance of detecting a significant difference 
(alpha=0.05) if there was, in fact, a difference between reported chronic health conditions 
compared to youth without chronic health conditions a d poorer educational attainment.  
This analysis was an estimate and did not take into acc unt covariates, which may change 
the difference between proportions.   Based on these analyses we had sufficient power 
(approximately 80%) to determine associations. 
Overall Analysis 
 Bivariate analysis of the exposure, confounders, academic, psychosocial, 
neighborhood and school variables were compared with youth who completed high 
school or GED by 21 years of age based on chi-square and t tests.  Wald chi-square tests 
and percentages were conducted using proc surveyfreq.  M ans were conducted using 
proc surveymeans and proc surveyreg was used to obtain t-values.  In addition, bivariate 
analysis of academic and psychosocial variables compared to chronic health conditions 





health conditions and the outcome. An alpha level of 0.05 was used throughout the 
analysis unless otherwise specified.  
 Multivariate logistic regression was used to estima e the association of chronic 
health conditions and educational attainment.  Proc surveylogistic was used controlling 
for the complex survey design that included survey w ights, clusters and strata.   A 
customized sample weight controls for oversampling a d was based on the number of 
rounds used in the analysis.  The primary sampling units (sampling clusters) were used to 
control for clustering.  Strata revealed the participants involved in the two different types 
of samples used: cross-sectional and oversample.               
2.4 Assessment of Potential Mediation and Interaction Effects 
Mediation and Effect Modification 
Mediation analysis was implemented using Baron and Kenny methodology.81   A 
mediator as described in Baron and Kenny methodology must satisfy three conditions: (1) 
the independent variable is significantly associated with the potential mediator, (2) the 
potential mediator must be significantly associated with the dependent variable and (3) 
the dependent variable is significantly associated with the independent variable but when 
the mediator is added, the association is no longer si nificant.  Multivariate logistic or 
linear regression was implemented to determine whether the associations met Baron and 
Kenny conditions.  If the mediator was continuous, then proc surveyreg was used.   
The categorized chronic health conditions measure and poor educational 
attainment adjusting for confounders was utilized to evaluate mediators.  All academic 
variables and depressive symptoms were examined as potential mediators.  A Sobel test 





and p-value, the Sobel test examines whether a hypot esized mediation effect is 
significantly different compared to not having a mediation effect.  The Sobel test 
examines the pathways from the exposure to the mediator as well as the mediator to the 
outcome.  It additionally requires standard errors of these pathways.     
 Effect modification was determined by backwards selection with a model that 
added interaction terms from the school and neighborhood factors and chronic health 
conditions (See Section 2.5 Model Specification).  The core covariates and a 2-parent 
household were used in the model along with the interaction terms for each covariate 
with chronic health conditions.  If the final model contained interaction terms that had a 
p-value of 0.05 or less, these variables were stratified.   Stratification categories for the 
effect modification were based on the mean.  
2.5 Model Specification 
Model Selection 
 
Overall, none of these potential confounders (individual, family, school and 
neighborhood variables) changed the association of exposures and poor educational 
attainment by 10%.  Each of the variables was associated with poor educational 
attainment in the bivariate analysis.  Therefore we rely on the past literature and past 
models with U.S. nationally representative samples that examined the association of 
chronic health conditions and educational attainment.  As shown in Section 2.1, we have 
core variables that were based on the past literature.  These variables (gender, 
race/ethnicity, age and parent education) were included in all analysis.  This comprised 





Other potentially confounding variables (see Section 2.1) that were not as 
frequently used in the literature as the core variables were also examined.  We added one 
additional variable, 2-parent household.  This variable represented an important stress 
measure on the household.  We also examined whether any variables contribute to 
multicollinearity.  
Multicollinearity   
 Along with the variable specification, we also examined whether these variables 
contributed to multicollinearity.  Using the SAS procedure proc reg and our sample 
weights, we determined the variance inflation factor and tolerance of each of these 
variables.   A variance inflation factor of greater than 10 or a tolerance of 0.10 warrants 
further investigation.  Based on these standards, there were no variables in the models 
that contributed to multicollinearity.  A correlation analysis on each variable was also 
conducted.       
Selection Methods for Neighborhood and School Factors (Paper 1 and Paper 2) 
 
 To the best of our knowledge, neighborhood and school factors have never been 
applied to the association of chronic health conditions and educational attainment.  This 
was why we limited these variables through forward selections in paper 1 and paper 2.  A 
forward or backwards selection are methods to determin  whether or not a variable 
should be kept into the model.  A forward selection starts with a core model and untested 
variables are added to this model until a final model is identified.  A backwards selection 
starts with all the untested variables in the model and removes the variables until a final 





 Each of these methods has drawbacks.82  A drawback of a backwards selection is 
that variables that are dropped may be significant when added to the final reduced 
model.82  A forward selection as opposed to a backwards selection was employed because 
we had an existing robust model.82  This ensured that if variables added to the core model 
were significant they would be added to the final model.  Using a forward selection 
seemed more prudent compared to starting with all the untested variables and removing 
these variables with backwards selection.     
 Forward model selections were conducted with complex survey design using proc 
surveylogistic based on a SAS macro designed by Wang, F and Shin, HC.83  This method 
uses the p-value of the candidate effect with the SAS command slentry.  If the p-value of 
the candidate effect is less than the specified p-value, then this candidate effect enters the 
model.  Our previously selected individual-level variables were kept in these models for 
forward selection.   
 There are multiple strategies for trimming variables and some of these are 
controversial.84  Initially we examined each forward selection with entering effects 
having a p-value = 1.0.  This allowed us to identify the order that each variable was 
introduced into the model and provided context for selection criteria.  Overall, we 
concluded that all forward selections would use a significance level of 0.05 for entering 
effects.  We made a determination based on the initial forward models and the literature 
that this criterion gave a proper representation of the neighborhood and school variables.  
  For our first paper, we conducted two forward selections for our neighborhood 
and school variables.  The first forward selection was conducted before we had onsite 





analyses.  County-level neighborhood data from the geocoded disc and publicly available 
school data were used in this forward selection.  Our initial model had all individual –
level variables that we selected above (gender, race/ethnicity, age, parent education, 2-
parent household).  Neighborhood and school variables that met entry criteria were 
included, p-value < 0.05.  Through our forward selection, we included type of school.  
None of the neighborhood county-level met these crit ria.  However we added county-
level neighborhood education as it represented the best fit compared to all other 
neighborhood variables.     
 Secondly, forward selections were conducted onsite at he Bureau of Labor 
Statistics and used census tract-level neighborhood data and school factors.  For youth 
who had a chronic health condition, a forward selection was determined that included 
neighborhood education, neighborhood income, 5-year teacher turnover, teachers with 
advanced degrees, type of school, percentage truancy and percentage of students that are 
Non-Hispanic White.   
 For our second paper, forward selections were conducte  using youth limited by a 
chronic health condition, early onset of a chronic health condition and youth limited and 
had early onset of a chronic health conditions.  These selections yielded similar results 
except for the exclusion of census tract-level neighborhood education.  
Selection Methods for Paper 3 
 
 A backwards selection was conducted that evaluated in ractions effects in 
multiple regression from a series of neighborhood, school and family factors outlined by 
Jaccard and Turisi.84  In their book, Interaction Effects in Multiple Regression, they 





effects.84  A model that includes all of the interaction terms is used and compared to the 
fit of a model that drops a particular term of interest.  Some analysts evaluate one 
interaction and if this is eliminated then the remaining interaction terms are evaluated 
without the eliminated term.  This is the method we us d in our study.   
2.6 Assessment of Model Assumptions  
 Logistic regression model assumptions involve whether he model fits the data 
and the observations are all independent.  Each observation is a particular participant in 
the study.  Based on the goodness of fit chi-square test, these models fit the data well 
(p<0.01).  Interaction terms were determined for our models in the third manuscript.  The 
model building techniques that were used included: (1) confounding analysis, (2) 
multicollinearity analysis and (3) forward and backward selections.  These procedures 
allowed us to create superior, parsimonious models that met model assumptions. 
2.7 Limitations  
 A limitation of this research was that the study was a secondary data analysis.    
Measures were not developed to answer these hypotheses.  The measures are based on 
self-reported, parent-reported and principal-reported information that are subject to 
measurement error.  In logistic regression analysis the outcome must be discrete. 
Residual confounding may occur if there is not prope  adjustment for unmeasured or 
unavailable variables.  Another limitation is with categorizing chronic health conditions.  
We tried to classify chronic health conditions based on type reported.  Throughout the 
papers, our analyses are an improvement from past categorization because we include 
types and onset of chronic health conditions as well as youth limited by chronic health 





several missing values from the school-level.  For additional study limitations please 
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Background: Youth with chronic health conditions are potentially t risk for poor 
educational outcomes.  This study examined the association between types of chronic 
health conditions reported during childhood and adolescence and their impact on 
educational attainment.  The youth’s school and neighborhood environment and potential 
mediating factors from academic and psychosocial variables were investigated.  
Methods:  Using the National Longitudinal Survey of Youth – Cohort 1997, multivariate 
logistic regression models were fit to estimate the association between types of childhood 
and adolescent chronic health conditions and educational attainment, adjusting for 
confounders.  Baron and Kenny methodology was used to test for the mediation of 
academic and psychosocial variables.  
Results:  Youth who reported ever having a chronic health condition had higher odds of 
not completing a high school diploma or Graduate Equivalency Degree (GED) by 21 
years of age compared to youth who did not report a chronic health condition, OR: 1.47 
(95% CI: 1.22 - 1.76).  Specifically, youth with asthma, OR: 1.63 (95% CI: 1.31 - 2.02) 
and youth with cancer, diabetes, or epilepsy, OR: 1.96 (95% CI: 1.13 – 3.37) had higher 
odds of poor attainment.  Academic and psychosocial variables attenuated this 
association.  For students who reported cancer, diabetes, or epilepsy, the variables 
absences from school, repeated a grade and depressive symptoms score were considered 
mediators.  
Conclusion: Youth with chronic health conditions had lower educational attainment.  
Students with cancer, diabetes or epilepsy who had a high number of absences, had 






There are an estimated 32 million children that currently have at least one of twenty 
chronic health conditions [1].  In the past four decades childhood chronic health 
conditions have quadrupled [2].  There are similarities with respect to how each unique 
chronic health condition affects youth [3].  These children constantly live with their 
condition and may require hospitalizations, home healt  care, and extensive medical care 
[3].  They may have a host of medical burdens compounded by everyday life challenges 
including completing high school or a Graduate Equivalency Degree (GED).   
 Although previous literature in the U.S. has been mixed with respect to the 
association of chronic health conditions and education l attainment [4-6], more recent 
studies have identified a significant association between childhood chronic health 
conditions and poorer educational attainment [7, 8].  A study in 2011 by Maslow et al 
using the National Longitudinal Study of Adolescent Health assessed the association 
between childhood chronic health conditions and educational attainment [7].  Young 
adults with chronic health conditions were significantly less likely to graduate high 
school and gain employment compared with healthy young adults.  It was concluded that 
a lack of a consensus definition for youth with chronic health conditions is partially 
responsible for different results across studies in the previous work [7].  In a review of 
childhood chronic health condition definitions, van Der Lee et al found discrepancies 
between studies with respect to type and severity of chronic conditions [9].  Expanding 
upon this literature, Mokkink, van Der Lee et al developed a consensus definition of 






 Studies have shown that asthma is unique among chroni  health conditions and 
may need to be separately evaluated.  For example, compared to young adults with 
asthma, those with non-asthmatic chronic health conditi s had significantly worse 
outcomes for high school or GED completion, employment, welfare and received more 
disability benefits [7].  Young adults with asthma were found to have better educational 
attainment outcomes compared to those with cancer, diabetes or epilepsy [7].  
 A study by Haas and Fosse determined that self-report d health was associated 
with educational attainment and they suggested that this association was mediated by 
academic and psychosocial variables (i.e. absences, grade point average, feeling safe at 
school and cognition) after adjusting for demographic variables [11].  Since self-reported 
health can be physical or psychological, the precise omponent that contributes 
significantly to poorer educational attainment remained unknown.  Haas and Fosse 
indicated that academic factors explained most of the association between self-reported 
health and educational attainment [11].  Their results suggest exploration of contextual 
factors from the school, neighborhood and family that may influence this association is 
needed.  This rationale supports a social ecological approach.  
 The purpose of our study was to examine the impact th t chronic health 
conditions or specific types of chronic health conditions may have on a youth’s 
educational attainment.  By implementing a social ecological framework, the results of 
the present study may reveal influential contextual factors involved in the association of 
chronic health conditions and poor educational attainment from the youth’s family, 
school and neighborhood.  The influence of academic and psychosocial factors on this 







This study was a secondary analysis that used the National Longitudinal Survey of Youth 
– Cohort 1997 (NLSY’97), a publicly available dataset [12].  The NLSY’97 is a 
nationally representative cohort of 8,984 youths aged 12 to 16 as of December 31, 1996 
[13].  Non-institutionalized households were selected from 147 primary sampling units 
and screened for eligible participants.  Data were collected in 1997 and participants were 
followed through 2009 to examine the youths’ transition from school to work and 
adulthood [13].   Baseline parental and youth one-hour interviews were conducted in 
1997.  These interviews asked about the youth’s childhood as well as their health status, 
academics and schooling.  Our dataset included variables through 2009 [12].     
 Additional information was obtained from the students’ high school transcripts 
and a cognitive examination, which were also publicly available.  We acquired on-site 
access at the Bureau of Labor Statistics that provided the participant’s primary sampling 
unit and census tract residence in 1997.  The census tract information was merged with 
Census 2000 information and student data [14].  A survey of schools the students 
attended in 1996 and 2000 was linked to student data.    
Measures 
Exposure – A childhood or adolescent chronic health condition was operationalized from 
the parent survey or the youth survey.  A parent was asked in 1997 if the participant ever 
had a chronic health condition.  The participant was asked in 2002 if they had ever been 
diagnosed with a chronic health condition.  Two distinct periods served to better 





reported that the youth ever had a condition at one of these times, this was recorded as a 
chronic health condition.   
 At each interview, the participant or parent was asked to delineate the specific 
chronic health condition.  The parent survey’s responses included asthma, heart 
condition, anemia, diabetes, cancer, epilepsy, and other.  “Other” included infectious 
diseases, Human Immunodeficiency Virus (HIV)/Acquired Immunodeficiency Syndrome 
(AIDS), kidney, allergies, other sexually transmitted diseases or other.  The 2002 youth 
survey responses included asthma, cardiovascular or heart condition, anemia, diabetes, 
cancer, epilepsy, HIV/AIDS, sexually transmitted diseases other than HIV/AIDS and 
other.   
 From these responses we categorized chronic health conditions for supplementary 
analysis using Mokkink et al’s consensus definition [10].  The criteria are based on 
whether the chronic health condition is present for m e than three months, will likely 
last more than three months, or has occurred three imes or more during the past year and 
will most likely reoccur again [10].  Based on these criteria, the chronic health conditions 
that were not included in our categorized measure were allergies, anemia, infectious 
diseases and other sexually transmitted diseases.   
 We classified chronic health conditions into the following four groups: (1) 
asthma, (2) cancer, diabetes, or epilepsy, (3) heart and cardiovascular conditions and (4) 
other.  These categories were developed based on past literature that showed that non-
asthmatic chronic health conditions (defined as cancer, diabetes or epilepsy) are more 
severe in terms of educational attainment compared to asthma [7].  Cancer, diabetes or 





chronic health conditions, heart and cardiovascular conditions had the largest prevalence.  
Consequently, we were able to have these conditions as a separate category.  The rest of 
the chronic health conditions were combined together into the fourth category, “other.”       
 Six percent of the sample reported more than one chronic health condition.  
Multiple conditions were categorized according to the disease that the previous literature 
reported having the highest impact on educational att inment.   
 Outcome – Educational attainment was defined as completion of a high school 
degree or GED by 21 years of age.  Participants were asked at each survey period when 
or if they had completed high school.  The NLSY’97 staff created measures that 
incorporated the month and year each student had completed a high school degree or a 
GED.  These measures were used in our study.   
 Covariates – Variables from the neighborhood, school, family and individual were 
selected based on past literature and theory from prior models of chronic health 
conditions and educational attainment.  Individual level control variables were collected 
from the parental and youth surveys.  Academic and psychosocial variables were chosen 
from the previous literature.   Individual level academic variables were collected from 
transcripts, the youth surveys and a cognitive test.  Individual level psychosocial 
variables were also collected from the youth surveys.  School level variables were 
collected from the school surveys accessed on-site at the Bureau of Labor Statistics.  
Neighborhood level variables were collected from the census tracts in which each 







Individual Level: Control Variables 
The following control variables were considered core variables and used in all analyses:  
(1) participant’s age, (2) participant’s gender, (3) participant’s race/ethnicity, (4) parent 
education level.  These variables have been used frequently in the past literature on the 
U.S. population and were all collected at baseline in 1997 [7, 11].   We also included 
whether or not the participant in 1997 had a 2-parent household.  The number of parents 
in a family is an important variable because it represents a stressor from the household.   
 Participant’s race/ethnicity was categorized as: (1) Black, Non-Hispanic, (2) 
Hispanic (3) Mixed Race, Non-Hispanic, (4) Non-Black, Non-Hispanic.  This variable 
was categorized by survey staff and incorporated th 1997 race and ethnicity questions, 
parent’s background, and household oversampling information.  Mixed Race- Non-
Hispanic was only 1% of the sample.  Consequently, this category was combined with 
Black, Non-Hispanic.  The Non-Hispanic and Non-Black category was 94% White but 
also included every other racial and ethnic group repo ted.  Parent education level was 
assessed by the highest grade that the mother or father completed.  This was based on a 0 
(no previous education) to 20 (8 years of college or m re) scale.  
Individual Level: Academic Variables 
The Computer Adapted Test - Armed Services Vocationl Aptitude Battery (CAT-
ASVAB) was used to assess a participant’s cognitive score.  This examination was 
administered to participants in 1997 or 1998 and contains four sections:  (1) mathematical 
knowledge, (2) arithmetic reasoning, (3) word knowledge and (4) paragraph 
comprehension.  Sampling weights based on age were applied and aggregate verbal and 





exhaustive review of the validity of the CAT-ASVAB was conducted [15].  Factor 
analyses were performed using the NLSY’97 and each se tion showed good content 
validity [15].  The CAT-ASVAB has an overall estimated reliability of 0.97 [16].  
 Grade point average (GPA) was calculated from student’s high school transcripts.  
This information was collected in two stages.  Transcripts were first obtained in 2000 for 
students born in 1980 and 1981.  Another collection cycle was performed in 2004 for all 
students including those that were missing transcript information from the first data 
collection.  A participant’s grades were weighted by the quality of credits received by the 
Carnegie weighting system [12].  Scores ranged from 0.0 to 5.0.  
 Absences from school were identified by the maximum number of days repoted 
absent in either transcripts or the youth survey.  The number of absences during the 1997 
fall term was self-reported by participants and the number of absences for the 1999, 2000 
and 2001 school years were determined from transcript .  If transcript information was 
missing in these years, self-reported absences were us d. 
 The number of grades that the participant ever repeated in elementary school, 
middle school and high school was used to assess partici nts that had repeated a grade.  
A cumulative measure was constructed by survey staff th t incorporated the 1997 parent 
survey and follow up youth surveys.  This variable was categorized into “2 or more 
repeated grades”, “1 repeated grade” and “Never repeat d a grade.”  For the mediation 
analysis, this variable was collapsed into “Ever repeated a grade” or “Never repeated a 







Individual Level: Psychosocial Variables 
Whether the participant felt safe in school was operationalized by a question in the 1997 
youth survey, with responses on a 4-point Likert scale ranging from “strongly agree” to 
“strongly disagree” [12].  
 The number of depressive symptoms score was assessed by the Mental Health 
Inventory-5 (MHI-5) [17, 18], and was transformed to a score of 0-100 by a linear 
transformation.  The inventory was assessed biennially from 2000 through 2008.  The 
score from 2000 was used unless a response was missing, in which case the 2002 
response was added (n=398, 4%).  A higher score was representative of more depressive 
symptoms.  The Cronbach alpha for the MHI-5 is 0.82 and has been examined and 
validated in many large populations [19, 20].  The MHI-5 is a short screening 
questionnaire that cannot be used to generate a formal psychiatric diagnosis [18].  Cut-
offs for depression have been studied but there has not been a widely accepted cutpoint 
[21, 22, 23].         
 Substance abuse was determined by three questions asked in 1997: if the
participant ever smoked, ever drank alcohol or ever us d marijuana.  The categories 
created were (1) if the participant reported using all three, (2) reported using any of them 
but not all three, or (3) reported using none.   
 Finally, a participant being a victim of bullying was operationalized by two 
questions: (1) whether the participant reported being a victim of repeated bullying before 
age 12, (2) whether the participant reported being a victim of repeated bullying from 12 – 





participant responded yes to either question they wre categorized as being a victim of 
bullying.  
Community Level: Neighborhood  
Neighborhood education was determined from Census 2000 and operationalized by the 
percentage of people with less than a high school degree from the census tract.  
Neighborhood Income was assessed by the median household income in 1999 from the 
census tract.  Variables were tested continuously.  
Community Level: School 
In 1996, the National Opinion Research Center (NORC) prepared surveys to send to all 
schools with a 12th grade within each primary sampling unit.  A commercial database was 
used to determine eligible schools.  New schools that participants attended after the 
baseline year as well as the original schools were su veyed in 2000.   These school 
assessments were known as the School Surveys.  If a variable was missing in 1996, the 
2000 survey was used.  
 From the School Surveys, the following variables were used: (1) school type, (2) 
percentage of Non-Hispanic Whites, (3) percentage of teachers with advanced degrees, 
(4) 5-year teacher turnover, (5) percentage truancy and (5) school type.    
 School type was categorized as (1) public and (2) private.  This variable offered 
many types of schools but was collapsed into these two groups due to limited sample 
size.  Percentage of Non-Hispanic Whites and percentag  of teachers with advanced 
degrees were analyzed categorically.  The distribution of these variables was examined 
and the sample mean was used to ensure similar sample size for higher and lower 





having a higher or lower categorical percentage of white students in the school affected 
the achievement of all students in the school [24].  The percentage of students with 
advanced degrees was initially analyzed continuously.  From examining the data, slight 
percentage differences did not properly display the eff ct on educational attainment.  
Analysis 
Descriptive statistics on types of chronic health conditions and covariates were 
performed.  Each of these variables was compared to high school completion by bivariate 
analysis using either a chi-square test or a t-test.  Multivariate logistic regression was 
used to test the association between chronic health conditions and not completing high 
school or a GED by age 21, controlling for sociodemographic variables and examining 
the influences of academic and psychosocial variables, as well the youth’s neighborhood 
and school.  Multiple models were fit with various categories for chronic health 
conditions implementing SAS 9.2 (SAS Institute, Cary, NC).  Proc surveylogistic was 
used to estimate odds ratios.  Only complete cases were used.  The analytic sample for 
our final model was n=6,795 (Figure 1).  The school variables had many missing values 
(n=3760).  A missing data analysis revealed that missing values from the school and 
neighborhood were similar to the analytic sample based on the exposure and 
confounders.  However it was determined that the analytic sample had a significantly 
higher parent’s education level (by half a grade), was comprised of an older population 
(by 14 months) and had a higher percentage of Non-Hispanic, Non-Blacks (by 3.6 
percent).  A model comparison revealed that the odd ratios for our main association were 





 Baron and Kenny methodology was used to determine whether each academic 
and psychosocial variable was considered a full mediator [25].  There were three main 
criteria that needed to be satisfied (Figure 2).  Path a required that the independent 
variable was significantly associated with the mediator.  Path b required that the mediator 
was significantly associated with the dependent variable.  Path c required that the 
independent variable was significantly associated with the dependent variable but when 
the mediator was introduced the association was no longer significant.  For mediators that 
were represented continuously, the SAS procedure, proc surveyreg was used to estimate 
Path a.  If a mediator satisfied Baron and Kenny’s criteria, a Sobel test was conducted.  
All models controlled for the complex survey design of the NLSY ’97 using customized 
survey weights, primary sampling units and strata. 
Model Selection 
Variables were defined from the previous literature sing nationally representative US 
samples.  Each confounding variable did not contribu e to multicollinearity.  Gender, 
race/ethnicity, age of the participant from the individual level, as well as whether the 
family included both parents were confounders controlled for in the analysis.  This group 
of variables along with our exposure created our final model.     
Factors Added to Final Model 
Academic, psychosocial, school, and neighborhood variables were added separately to 
the final model.  To the best of our knowledge, neighborhood and school variables have 
never been studied in the association of chronic healt  conditions and poor educational 
attainment but fit with our social ecologic approach.  Neighborhood and school variables 





robust core model, this method was deemed more judicious then a backwards selection 
that may drop significant variables added to the robust model. 
RESULTS 
Table 1 provides sociodemographic characteristics of the whole sample, frequencies of 
each chronic health condition and bivariate analyses across educational status.  Overall, 
22% reported having had a chronic health condition.  The sample consisted of 51% male, 
26% Black and 21% Hispanic.  Among youth reporting whether or not they had a chronic 
health condition, 15% did not complete high school or a GED by 21 years of age 
compared with 12% with no chronic health conditions.  Among youth with asthma, 17% 
did not complete high school or a GED by 21 years of age (comprises 19% of sample) 
and among youth with cancer, diabetes, or epilepsy, 20% did not complete a high school 
or GED (comprises 3% of sample). For youth with heart or cardiovascular conditions, 
10% did not complete high school (comprises 1% of sample). 
 In Table 2, the results of 5 models are provided.  The odds of not completing a 
high school diploma or a GED by 21 years of age were higher for youth who reported a 
chronic health condition, OR: 1.50 (95% CI: 1.26 - 1.79) compared to youth who did not 
report a chronic health condition adjusting for core variables (Model 2.1).  Adjusting for 
number of parents in the household resulted in similar odds, OR: 1.47 (95% CI: 1.22 - 
1.75) (Model 2.2).  
 After adjusting for individual level academic variables, the association was no 
longer significant, OR: 1.21 (95% CI: 0.85 - 1.71) (Model 2.3).  Substituting individual 
level psychosocial variables for the academic variables into the model, the association 





OR: 1.17 (95% CI: 0.95 - 1.43) (Model 2.4).  In general (Tables 2 – 4) the variables, 
repeated a grade, absences from school, GPA, cognitive score and depressive symptoms, 
adjusting for confounders, were each significant contributors of poor educational 
attainment. 
 As displayed in Tables 3 and 4, we fit models from ur categorized chronic health 
condition variable with each academic variable (Table 3), and psychosocial variable 
(Table 4) separately.  The odds of not completing a high school diploma or a GED by 21 
years of age were higher for youth who had asthma, OR: 1.63 (95% CI: 1.31 - 2.02) and 
youth who had cancer, diabetes or epilepsy, 1.96 (95% CI: 1.13 - 3.37) compared to 
youth who never reported a chronic health condition, adjusting for confounders (Model 
3.1).  Youth who had heart or cardiovascular conditions had educational attainment that 
was no different from youth who never reported chronic health conditions, OR: 0.80 
(95% CI: 0.38- 1.68) (Model 3.1).  
 Among participants reporting having cancer, diabetes or epilepsy, the association 
with poorer educational attainment was no longer significant when any of the academic 
variables were added to the model (Model 3.2 – 3.5).  In contrast, among youth with 
asthma, the association between poorer educational attainment remained significant when 
the academic variables were included in the models (Model 3.2 – 3.5). 
 As shown in Table 4, among youth with cancer, diabetes or epilepsy, depressive 
symptoms reduced the point estimates such that previous associations with poor 
educational attainment were no longer significant.  Among youth with asthma the point 
estimates were reduced but the previous associations with poor educational attainment 





felt safe at school did not have a large effect on types of chronic health conditions and 
educational attainment and were not studied in the mediation analysis.  
 The models shown in Table 5 present the results of chronic health conditions and 
educational attainment associations using neighborhood and school-level variables.  The 
neighborhood and school variables did not change the association of chronic health 
conditions and educational attainment (Models 5.2- 5).  Model 5.3 introduced school-
level variables only from the first group of schools surveyed (1997), n=2589.   Model 5.4 
incorporated additional schools that were surveyed in either 1996 or 2000 because of the 
missing information from the student’s school attend d in 1997, n=3453.  Model 5.3 and 
Model 5.4 yield similar results, OR: 1.49 (95% CI: 1.09 – 2.04) (Model 5.3), OR: 1.47 
(95% CI: 1.23 – 1.77) (Model 5.4).  The last model showed that the odds of not 
completing high school for youth with a chronic health condition were still significantly 
higher compared to youth without a chronic health condition when adjusting for all 
neighborhood and school factors, OR: 1.47 (95% CI: 1.12 – 1.91). 
Mediation Analysis 
All academic variables as well as depressive symptos significantly attenuated the 
association of cancer, diabetes or epilepsy and poor educational attainment.  Thus, these 
factors were examined as potential mediators.  Among academic variables studied, 
repeated a grade (Figure 3A) and absences from school (Figure 3B) both satisfied Baron 
and Kenny methodology and acted as full mediators in the association of cancer, diabetes 
or epilepsy and poor educational attainment.  The Sobel test was then conducted for 
repeated a grade (p-value = 0.02) and absences from school (p-value = 0.06).  This test 





GPA each did not meet Baron and Kenny Methodology as a full mediator.  Depressive 
symptoms score satisfied Baron and Kenny criteria as full mediator (Figure 3C).  The 
Sobel test was then conducted for depressive symptoms score  (p-value <0.01).        
DISCUSSION  
Overall, youth who reported having a chronic health condition had significantly higher 
odds of not completing high school or obtaining a GED by 21 years of age compared to 
youth who did not report a chronic health condition.  Specifically, this association held 
for asthma, and cancer, diabetes or epilepsy, but not for heart or cardiovascular 
conditions. These findings are consistent with prior literature from Maslow et al using 
data from the National Longitudinal Survey of Adolesc nt Health [7].  Their study 
included young adults aged 18 to 28 years who reflect d on their childhood with chronic 
health conditions and assessed educational attainment in terms of high school graduation.  
Our study used an adolescent population in which parents and the participant reported on 
more recent chronic health conditions.  Thus, the measures from the present study were 
more proximal and potentially more precise.  
 Our results should be examined within a poverty context.  This study adjusts for 
socioeconomic status at baseline (1997).  Youth who experience poverty in childhood are 
more likely to have poor educational attainment andmay be more likely to have a chronic 
health condition.  Our study established an associati n independent of current 
socioeconomic status between chronic health conditions and poor educational attainment.  
However the cumulative effects of poverty before th youth enters the study should not 





 When including academic and psychosocial covariates, the association between 
chronic health conditions and poorer educational att inment was no longer significant.  
This is similar to the results of Haas and Fosse, who reported the association of self-
reported health and educational attainment was attenua d by academic and psychosocial 
factors [11].  
 For youth with cancer, diabetes or epilepsy, the inclusion of academic factors 
significantly reduced the association with poor educational attainment.  Past research has 
found that certain chronic health conditions in child ood and adolescence may result in 
lower achievement scores [27, 28].  
 The association with youth who reported asthma and poor educational attainment 
was not largely affected by the academic variables except the variable, grade point 
average (GPA).  It is reasonable that asthma is less likely to affect cognition compared to 
cancer, diabetes or epilepsy.  However, it was unexpected that the asthma and poor 
educational attainment association was not affected by school absences.   
 Past research has shown that asthma affects school absences [29, 30].  These 
studies assessed students who currently had asthma.  An ssociation between asthma 
severity and a higher number of school absences was previously found [29].  In our 
study, youth who reported asthma had a significantly higher number of school absences 
compared to youth without a chronic health condition (8.54 days versus 7.26 days).  Our 
asthma measure was comprised of youth that reported ev r having asthma and 
consequently our findings may be a reflection of the different measure used.  
 After mediation analysis on academic variables wasconducted, repeated a grade 





not.  Our results suggest that ability (cognitive score) and achievement (GPA) are not 
acting alone to lead to poor educational attainment for youth with cancer, diabetes or 
epilepsy.  However these results suggest that academic changes in school attendance and 
grade retention that occurred for youth with cancer, diabetes or epilepsy ultimately lead 
to poor high school completion.  
 There is an important correlation between school absences and grade repetition.  
Past literature shows that school absences can lead to grade repetition [31].  Grade 
repetition has a strong relationship with dropping out of school and other poor long term 
outcomes [32].  This suggests that a potential mechanism to poor educational attainment 
is that students with cancer, diabetes, or epilepsy likely have frequent and/or prolonged 
absences, which reduces the opportunity to learn and thereby lowers achievement.  These 
factors can affect grade retention.  Grade retention makes it more likely for these students 
to drop out of high school.  Overall, these study results indicate that students with cancer, 
diabetes or epilepsy could benefit from additional academic support and a potential plan 
to avoid repeating grades from having a high amount f absences.     
 The only major psychosocial variable that attenuated the observed associations for 
youth with cancer, diabetes or epilepsy was depressiv  ymptoms score.   This was also 
the case for youth with asthma; however, the associati n between youth with asthma and 
poor educational attainment still remained significant.  These results are consistent with 
the extant literature on depression and educational utcomes [33, 34].  Specifically, one 
study found that depressive symptoms decrease yearsof schooling completed, and 
increase the probability of dropping out of high scool [33].  This phenomenon may be 





 It has been suggested that health care providers may overlook depression in 
patients with a chronic health condition because the focus of medical interactions is on 
the management of the condition.  Depressive symptos, such as fatigue, may be 
interpreted as part of the chronic health condition [35].  Our results show that depressive 
symptoms among adolescents with chronic health conditi s, particularly asthma, cancer, 
diabetes and epilepsy, need to be a clinical priority to optimize their educational 
outcomes.  
 Depressive symptoms score were also considered a mediator specific to cancer, 
diabetes or epilepsy.  This suggests that suffering f om one of these chronic health 
conditions and depressive symptoms score is along the causal pathway to poor 
educational attainment.  Clay believed that depression i  a result of poor coping with the 
chronic condition’s effects [36].  Absenteeism or grade repetition may lead to a higher 
depressive symptoms score and then affect poor educational attainment.  Depending on 
the severity or type of condition, it may be very hard to have the student attend school on 
a regular basis even with a corrective academic plan and support.  This makes coping 
strategies critical to reducing poor educational attainment.  
 Neither school nor neighborhood variables influenced the association between 
chronic health conditions and education attainment.  Because academic variables 
attenuated the association between chronic health conditions and educational attainment, 
we thought school variables might also be important.  However, these associations need 
to be further studied.  The participant’s neighborho d defined at the census tract level 
may not properly represent the participant’s actual neighborhood.  The census block 





represent the neighborhood.  Additionally, participants may have moved from the first 
survey year in 1997.  School survey variables had missing values, which may have 
affected our results.  Perhaps the school level and neighborhood level variables are better 
suited as effect modifiers as opposed to confounders.  There may be interactions based on 
different levels of the school and neighborhood with chronic health conditions in which 
stratification may better represent these associatins.                       
 Strengths of this study are the cohort design, which inherently involves 
temporality since the exposure was measured before the outcome.  The National 
Longitudinal Survey of Youth was an important datase  to use because it follows youth 
through adolescence into adulthood as they are achiving their educational outcomes.  
Not only were we able to isolate different types of chronic health conditions, we were 
also able to examine a critical trajectory in a person’s educational attainment.  Having 
objective measures such as transcript information, a cognitive examination and a 
depression inventory also allowed better examinatio of key pathways in this association.  
This study also incorporated a multi-level approach.  Contextual factors are important for 
a participant’s educational attainment and influences from the neighborhood and school 
had never been studied for this association.        
 Limitations of this study included that it was a secondary analysis.  The 1997 
parent survey asks whether the participant ever had a chronic health condition and the 
2002 youth survey asks whether the participant was ever diagnosed with a chronic health 
condition.  A self-reported diagnosis is an important limitation because those parents who 
are more involved and knowledgeable in health issue may be more cognizant of the 





condition.   A diagnosis by a physician requires the participant to see a doctor.  Health 
access may be restricted for impoverished participants.  These limitations in the surveys 
affect the participants with chronic health conditions that we capture in the study.  Also, 
many participants reported other chronic health conditions that were not asked about in 
either survey.  We cannot be sure whether we captured all the participants with these 
other chronic health conditions.           
 There were limitations in terms of sample size for individual chronic diseases.  
With cohort studies, there is participant attrition that affects sample size.  This study had 
less than 17% attrition by 2009 (Round 13).  Mental health chronic conditions were not 
examined in this study.   
 Timing of onset of chronic health conditions and youth limited by their chronic 
health conditions in childhood and adolescence and educational attainment needs to be 
further understood.  Also, the overall mental health of a participant may be further 
elucidated.  Whether or not a clinical diagnosis of depression, instead of only elevated 
depressive symptoms score, leads to poorer educational attainment also needs to be better 
identified.  
 In conclusion, an association between chronic healt  conditions and poor 
educational attainment was determined.  This study also identified academic and 
psychosocial factors including potential mechanisms for youth with specific chronic 
health conditions.  These findings may aid in developing preventative strategies to keep 
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Table 1: Weighted Sample Characteristics Of The Nation l Longitudinal Survey of 
Youth - Cohort, 1997 By Completion Of A High School Degree Or Graduate 
Equivalency Degree 
 
  Overall n=8984 
%1 Or Mean (SE2) 
Completed A HSD3 
Or GED4 By 21 
Years Of Age,  
(%) n=7286 
Did Not Attain A 
HSD Or GED By 21 




Variable, Sample Size 
 





    
  Chronic Health Condition           
  (%) n=7196 
         
 
  Did Not Ever Have A Chronic           
  Health Condition 




  Ever Had A Chronic Health   
  Condition  
22.17% 21.35% 27.54%  
         Asthma n=986 14.10% 13.45% 18.85% χ2: 
p<0.01 
         Cancer, Diabetes, or Epilepsy    
         n=121 




               Cancer 0.70% 0.66% 0.94%  
               Diabetes  0.70% 0.62% 1.23%  
               Epilepsy  0.46% 0.39% 0.83%  
        Heart And Cardiovascular   
        Conditions n=105 
1.52% 1.53% 1.24% χ2: 
p=0.70 
        Other (HIV5, Kidney, Other) 
        n=171 
2.58% 2.55% 2.64% χ2: 
p=0.62 
        Allergies/Anemia/Infectious        
        Disease/STDs6*  
 
2.11% 2.15% 1.81% * 
 
Individual – Student Background 
 
    
Age- January 1, 1997 (n=8984)  14.54 (0.02) 14.55 (0.02) 14.54 (0.04) t: p=0.86 
Race/Ethnicity (%) n=8984     
    Black, Non-Hispanic 15.40% 14.16% 21.31%   
    Hispanic 12.86% 11.80% 18.26% χ2: 
p<0.01 
    Mixed Race, Non-Hispanic 1.23% 1.25% 0.88%  
    Non-Black, Non-Hispanic 70.50% 72.78% 59.55%  
  Gender (%) n=8984     
  
    Male 51.32% 50.36% 55.74% χ2: 
p<0.01 
    Female 48.68% 49.64% 44.26%  






Individual – Family  
 
  Parent’s Education Level     
  (Highest Grade) n=8503  
13.58 (0.09) 13.88 (0.09) 12.00 (0.10) t: p<0.01 
  2-Parent Household  
  (%) n=8984 
    
   No 47.06% 43.35% 65.45% χ2: 
p<0.01 
   Yes 52.94% 56.65% 34.55%  
 
Individual – Psychosocial 
 
    
  Depressive Symptoms (n=8417) 31.24 (0.23) 30.69 (0.22) 34.34 (0.67) t: p<0.01 
  Substance Abuse  
  (%) n=8950 
    
 
   Ever Used Alcohol, Smoked And           
   Used Marijuana 
17.74% 16.26% 24.63% χ2: 
p<0.01 
   Ever Used Alcohol Or Smoked  
   Or Used Marijuana 
37.94% 38.04% 37.77%  
   Did Not Use Any Of The Above 44.32% 45.69% 37.61%  
  Victim of Bullying (%) n=8844     
   No 78.88% 79.58% 75.23% χ2: 
p<0.01 
   Yes 21.12% 20.42% 24.78%  
  Felt Safe At School  
  (%) n=8959 
    
 
   Strongly Agree 34.24% 36.36% 23.69%  
   Agree 53.12% 52.95% 53.66% χ2: 
p<0.01 
   Disagree 9.94% 8.46% 17.67%  
   Strongly Disagree 2.70% 2.23% 4.98%  
 
Individual – Academic 
 
    
 Absences from School (days)     
 (n=8727) 
7.45 (0.23) 6.92 (0.24) 10.25 (0.47) t: p<0.01 
  Ever Repeated A Grade     
  (%) n=5943  
    
   Never Repeated A Grade 82.40% 86.87% 52.02% χ2: 
p<0.01 
   Repeated A Grade 
 
17.60% 13.13% 47.98%  
         2 Or More Repeated Grades 2.96% 1.73% 36.68% χ2: 
p<0.01 
         1 Repeated Grade 14.64% 11.41% 11.30%  
  Grade Point Average  
  (n= 6155) 
2.82 (0.02) 2.90 (0.02) 2.14 (0.04) t: p<0.01 
  Cognitive Score (percentile)       









Community – Neighborhood  
 






  Neighborhood Income     
  (n=8959) 
$44,894 ($1,287) $46,022 ($1,386) $39,178 ($845) t: p<0.01 
  Neighborhood Education  
  (n=8961) 
20.71% (0.67) 19.77% (0.66) 25.60% (0.85) t: p<0.01 
 
Community – School 
 
    
 Type of School (%) n=5223     
  Public School 91.69% 90.90% 96.58% χ2: 
p<0.01 
  Private School 8.31% 9.10% 3.42%  
  Percentage of Non-Hispanic     
  White  
  (%) n=5224 
    
 
   Greater Than Or Equal To         
   Mean 




   Less Than Mean 37.54% 35.68% 49.68%  
  Percentage of Teachers with     
  Advanced Degrees  
  (%) n=5083 
    
 
   Greater Than Or Equal To  
   Mean 




   Less Than Mean 47.11% 47.38% 45.93%  
  5 Year Teacher Turnover  
  (n= 5106) 
83.10% (0.59) 83.35% (0.60) 81.25% (0.91) t: p=0.01 
  Percentage Truancy 
  (n=4847) 
3.96% (0.30) 3.78% (0.33) 4.98% (0.33) t: p<0.01 
*Not included in the categorized chronic health variable 
1 %: Percentage 2 SE: Standard Error 3 HSD: High School Diploma 4 GED: Graduate Equivalency Degree 5 






Table 2: Logistic Regression Of Chronic Health Conditions And Poor Educational Attainment (Did Not Complete High School Or 
Graduate Equivalency Degree By 21 Years Of Age) 
Individual OR1 (95% CI)2 
N = Observations 
Model 1,  
n=6795  
Model 2,  
n=6795 
Model 3,  
n= 4109 




Ever Had A Chronic Health 
Condition 1.50 (1.26 - 1.79) 1.47 (1.22 - 1.76) 1.21 (0.85 - 1.71) 1.17 (0.96 - 1.44) 
Did Not Ever Have A 
Chronic Health Condition (ref) (ref) (ref) (ref) 
Race/Ethnicity Black or  Mixed Race, Non-
Hispanic 1.56 (1.24 - 1.96) 1.21 (0.94 - 1.56) 0.51 (0.36 - 0.72) 1.34 (1.03 - 1.76) 
Hispanic 0.90 (0.68 - 1.18) 0.98 (0.75 - 1.28) 0.95 (0.63 - 1.43) 1.05 (0.81 - 1.37) 
Non-Black, Non-Hispanic (ref) (ref) (ref) (ref) 
Gender Female 0.77 (0.66 - 0.89) 0.73 (0.62 - 0.86) 0.94 (0.70 - 1.25) 0.70 (0.59 - 0.84) 
Male (ref) (ref) (ref) (ref) 
Age  1.00 (1.00 - 1.00) 1.00 (1.00 - 1.01) 1.00 (0.99 - 1.01) 1.01 (1.00 - 1.01) 
Family Parent Education Level 0.74 (0.72 - 0.77) 0.76 (0.74 - 0.79) 0.88 (0.82 - 0.94) 0.75 (0.72 - 0.78) 
2-Parent Household Yes  0.39 (0.32 - 0.46) 0.43 (0.31 - 0.59) 0.40 (0.33 - 0.49) 
No  (ref) (ref) (ref) 
Academic  Grade Point Average   0.39 (0.31 - 0.48)  
Absences from School Absences (Days)   1.01 (1.00 - 1.02)  
Cognitive Score CAT- ASVAB3  (percentile)   0.97 (0.96 - 0.97)  
Psychosocial –  
Substance Abuse 
Alcohol, Smoking and 
Marijuana 
   
2.55 (2.03 – 3.22) 
Alcohol, Smoking or 
Marijuana 
   
1.49 (1.23- 1.80) 
Used None    (ref) 
Depressive Symptoms Mental Health Inventory    1.01 (1.01 - 1.02) 
Victim of Bullying Yes    1.08 (0.89 - 1.31) 
No    (ref) 
Felt Safe at School Strongly Agree    (ref) 
Agree    1.41 (1.12 - 1.78) 
Disagree    2.42 (1.81 – 3.24) 
Strongly Disagree    2.22 (1.44 - 3.41) 
Model 1: Adjusted for Demographic Factors, Model 2: Final Model Adjusted for Confounders, Model 3: Adjusted for Academic Factors, Model 4: Adjusted for Psychosocial Factors  








Table 3: Logistic Regression Of Poor Educational Attainment With Categorized Chronic Health Conditions A d Academic Variables 
 Model Model 1 Model 2 Model 3 Model 4 Model 5 
 OR1 (95% CI)2 
n= Observations 
n= 6795 n= 5115 N = 5662 N = 6634 n= 4913 
Chronic Health 
Conditions 
Asthma 1.63 (1.31 - 2.02) 1.74 (1.30 - 2.31) 1.71 (1.31 - 2.23) 1.66 (1.33 - 2.07) 1.46 (1.05 - 2.03) 
Cancer, Diabetes, Epilepsy 1.96 (1.13 - 3.37) 1.52 (0.69 - 3.35) 1.52 (0.78 - 2.95) 1.82 (0.99 - 3.35) 1.89 (0.91 - 3.96) 
Heart Conditions 0.80 (0.38 - 1.68) 1.16 (0.45 - 3.03) 1.34 (0.55 - 3.23) 0.74 (0.35 - 1.57) 0.65 (0.20 - 2.11) 
Other 1.27 (0.74 - 2.18) 1.41 (0.68 - 2.90) 1.19 (0.62 - 2.28) 1.24 (0.71 - 2.18) 0.74 (0.29 - 1.89) 
Never Reporting (ref) (ref) (ref) (ref) (ref) 
Race/ 
Ethnicity 
Black or Mixed Race, Non-
Hispanic 
1.24 (.97 - 2.18) 0.82 (0.64 - 1.05) 0.54 (0.41 - 0.70) 1.26 (0.98 - 1.62) 0.99 (0.71 - 1.37) 
Hispanic 0.99 (0.76 - 1.29) 0.92 (0.69 - 1.22) 0.77 (0.56 - 1.07) 0.99 (0.75 - 1.30) 1.27 (0.90 - 1.79) 
Non-Black, Non-Hispanic (ref) (ref) (ref) (ref) (ref) 
Gender Female 0.75 (0.64 - 0.87) 0.84 (0.66 - 1.07) 0.85 (0.70 - 1.02) 0.71 (0.60 - 0.83) 0.88 (0.70 - 1.09) 
 Male (ref) (ref) (ref) (ref) (ref) 
Age  1.00 (1.00 - 1.00) 1.01 (1.00 - 1.01) 1.00 (1.0 - 1.01) 1.00 (1.00 - 1.00) 1.00 (0.99 - 1.01) 
Parent 
Education Level 
 0.76 (0.73 - 0.78) 0.76 (0.73 - 0.80) 0.85 (0.81 - 0.88) 0.76 (0.73 - 0.79) 0.82 (0.78 - 0.86) 
2-Parent 
Household 
Yes 0.38 (0.32 - 0.45) 0.50 (0.39 - 0.63) 0.39 (0.31 - 0.49) 0.40 (0.33 - 0.48) 0.44 (0.34 - 0.58) 
No (ref) (ref) (ref) (ref) (ref) 
Repeated a 
Grade 
1  5.75 (4.45 - 7.42)    
2 or more   11.14 (7.67 - 16.18)    
None  (ref)    
Grade Point 
Average 
     0.34 (0.27 - 0.42) 
Absences from 
School 
    1.01(1.01 - 1.02)  
Cognitive Score CAT - ASVAB3 (percentile)   0.96 (0.95 - 0.96)   
Model 1: Final Model Adjusting for Confounders, Model 2: Adjusted for Grade Repetition, Model 3: Adjusted for Cognitive Score, Model 4: Adjusted for Absenc s, Model 5 Adjusted for Grade Point 
Average 









Table 4: Logistic Regression Of Poor Educational Attainment With Categorized Chronic Health And Psychosocial Variables 
 Model Model 1 Model 2 Model 3 Model 4 Model 5 
 OR1 95% CI2 
N = Observations 
n= 6795 n= 6774 n= 6742 n= 6691 n= 6783 
Chronic Health 
Conditions 
Asthma 1.63 (1.31 - 2.02) 1.61 (1.29 - 2.01) 1.38 (1.10 - .74) 1.56 (1.25 - 1.97) 1.60 (1.29 - 2.00) 
Cancer, Diabetes,  
Epilepsy 
1.96 (1.13 - 3.37) 1.83 (1.07 - 3.15) 1.49 (0.83- 2.66) 2.00 (1.15 - 3.47) 1.75 (1.00 - 3.08) 
Heart Conditions 0.80 (0.38 - 1.68) 0.81 (0.39 - 1.72) 0.69 (0.31 - 1.51) 0.80 (0.38 - 1.70) 0.79 (0.37 - 1.70) 
Other 1.27 (0.74 - 2.18) 1.14 (0.65 - 1.98) 1.00 (0.56 - 1.79) 1.32 (0.77 - 2.27) 1.30 (0.76 - 2.23) 
 
Never Reporting (ref) (ref) (ref) (ref) (ref) 
Race/Ethnicity Black or Mixed Race, 
Non-Hispanic 
1.24 (0.97 - 2.18) 1.43 (1.11 - 1.84) 1.28 (0.99 - 1.64) 
 
1.24 (0.97 - 1.60) 1.12 (0.88 - 1.44) 
Hispanic 0.99 (0.76 - 1.29) 1.05 (0.81 - 1.37) 1.01 (0.77 - 1.32) 1.01 (0.78 - 1.32) 0.96 (0.74 - 1.25) 
Non-Black, Non-
Hispanic (ref) (ref) (ref) (ref) (ref) 
Gender Female 0.75 (0.64 - 0.87) 0.76 (0.64 - 0.88) 0.67 (0.57 - 0.79) 0.78 (0.66 - 0.92) 0.76 (0.74 - 0.79) 
Male (ref) (ref) (ref) (ref) (ref) 
Age  1.00 (1.00 - 1.00) 1.01 (1.00 - 1.01) 1.00 (1.0 - 1.00) 1.00 (1.00 - 1.00) 1.00 (1.00 - 1.00) 
Parent’s Education 
Level 
 0.76 (0.73 - 0.78) 0.75 (0.73 - 0.78) 0.75 (0.72 - 0.78) 0.75 (0.73 - 0.78) 0.76 (0.74 - 0.79) 
2-Parent Household Yes 0.38 (0.32 - 0.45) 0.41 (0.34 - 0.49) 0.36 (0.30 - 0.44) 0.38 (0.32 - 0.46) 0.39 (0.33 - 0.47) 
No  (ref) (ref) (ref) (ref) 
Psychosocial       
Substance Abuse Alcohol, Smoking and 
Marijuana 
 2.48 (1.98 - 3.11) 
 
   
Alcohol, Smoking or 
Marijuana 
 1.44 (1.20 - 1. 72)    
Used None  (ref)    
Depressive Symptoms Mental Health Inventory   1.01 (1.01 - 1.02)   
Victim of Bullying Yes    1.26 (1.06 - 1.50)  
No    (ref)  
Felt Safe at School Strongly Agree     (ref) 
Agree     1.54 (1.24 - 1.92) 
Disagree     2.82 (2.15 - 3.70) 
Strongly Disagree     2.69 (1.85 - 3.91) 
Model 1: Final Model Adjusted for Confounders, Model 2: Adjusted for Substance Abuse, Model 3: Adjusted for Depressive Symptoms, Model 4: Adjusted for Bullying, Model 5: Adjusted for Safety 
at School 







Table 5: Logistic Regression Of Educational Attainment With Chronic Health And Neighborhood/School Variables, Assessed From 
Census Tract-Level And School Surveys 
Individual OR1 (95% CI)2 













Ever Had A Chronic 
Condition 1.47 (1.22 - 1.76) 1.47 (1.23 - 1.77) 1.49 (1.09 - 2.04) 1.46 (1.12 - 1.91) 1.47 (1.12 - .92) 
Never Reporting A 
Chronic Condition (ref) (ref) (ref) (ref) (ref) 
Race/Ethnicity Black or Mixed Race, 
Non-Hispanic 1.21 (0.94 - 1.56) 1.05 (0.81 - 1.37) 1.06 (0.69 - 1.63) 1.01 (0.70 - 1.45) 0.90 (0.62 - 1.31) 
Hispanic 0.98 (0.75 - 1.28) 0.88 (0.67 - 1.16) 1.16 (0.78 - 1.73) 0.91 (0.63 - 1.31) 0.91 (0.63 - 1.32) 
Non-Black, Non-
Hispanic (ref) (ref) (ref) (ref) (ref) 
Gender Female 0.73 (0.62 - 0.86) 0.74 (0.63 - 0.86) 0.59 (0.46 - 0.75) 0.59 (0.47 - 0.75) 0.59 (0.47 - 0.75) 
Male (ref) (ref) (ref) (ref) (ref) 
Age  1.00 (1.00 - 1.01) 1.00 (1.00 - 1.00) 0.99 (0.8 - 1.01) 1.00 (0.99 - 1.01) 1.00 (0.99 - 1.01) 
Family       
Parent Education Level  0.76 (0.74 - 0.79) 0.78 (0.75 - 0.80) 0.78 (0.74 - 0.82) 0.76 (0.72 - 0.80) 0.77 (0.73 - 0.82) 
2-Parent Household Yes 0.39 (0.32 - 0.46) 0.39 (0.33 - 0.46) 0.36 (0.25 - 0.51) 0.35 (0.26 - 0.48) 0.36 (0.27 - 0.49) 
No (ref) (ref) (ref) (ref) (ref) 
School       
Teacher Characteristics 5-Year Teacher 
Turnover   0.99 (0.99 - 1.00) 0.99 (0.98 - 1.00) 0.99 (0.98 - 1.00) 
Teachers with Advanced 
Degrees 
Greater Than Mean   1.31 (0.97 - 1.77) 1.34 (1.04 - 1.72) 1.33 (1.04 - 1.71) 
Less Or Equal To Mean   (ref) (ref) (ref) 
School Type Public   (ref) (ref) (ref) 
Private   0.35 (0.12 -1.01) 0.40 (0.18 - 0.89) 0.41 (0.18 - 0.94) 
Percentage Truancy Percentage Truancy   1.01 (1.00 - 1.03) 1.02 (1.00 - 1.03) 1.02 (1.00 - 1.03) 
Percentage of Non-
Hispanic White 
Greater Than Mean   0.79 (0.58 - 1.07) 0.72 (0.56 - 0.94) 0.75 (0.56 - 0.99) 
Less than Mean   (ref) (ref) (ref) 
Neighborhood       
Neighborhood Income   1.00 (1.00 - 1.00)   1.00 (1.0 - 1.00) 
Neighborhood 
Education 
  1.01 (1.00 - 1.02)  
 
1.00 (0.99 - 1.01) 
Model 1: Adjusted for Confounders, Model 2: Adjusted for Neighborhood Factors, Model 3: Adjusted for School Factors (1997 Schools), Model 4: Adjusted for School Factors (1997 Schools and 
Additional Schools), Model 5: Adjusted for both Neighborhood and School Factors 



















































8,849 Participants with Educational 
Attainment Measure (Cumulative from 
Youth Surveys) 
7,196 Participants with 
Chronic Health Measure 
(1997 and 2002) 
8,984 Total Sample (1997) 
8,503 Participants with 
Parent’s Education (1997) 
 


























Path a Path b
Significant association























* p <0.05, c‘: pathway c with mediator introduced, GED: Graduate Equivalency Degree, OR: Odds Ratio  
 All Paths are adjusting for parent’s education, race/ethnicity, gender, age, and 2-Parent Household 
Sobel Test : z-test: 2.38  (p-value= 0.02)  
Cancer, Diabetes or Epilepsy 
Repeated a Grade 
Does Not Complete 
High School or a GED 
by 21 years of Age 
a*= OR: 2.92 (1.75 - 4.89) b*= OR: 6.49 (5.13 – 8.21) 
c*= OR: 2.35 (1.20 – 4.63)  

























* p <0.05, c‘: pathway c with mediator introduced, GED: Graduate Equivalency Degree, OR: Odds Ratio, β: parameter estimates  
All Paths are adjusting for parent’s education, race/ethnicity, gender, age, and 2-Parent Household 
Sobel Test : z-test: 1.86  (p-value=0.06) 
Cancer, Diabetes or Epilepsy 
Absences from 
School 
Does Not Complete 
High School or a GED 
by 21 years of Age 
a*= β: 3.03 (0.06, 6.01) b*= OR: 1.01 (1.01 – 1.02) 
c*= OR: 1.94 (1.08 – 3.50)  




















* p <0.05, c‘: pathway c with mediator introduced, GED: Graduate Equivalency Degree, OR: Odds Ratio, β: parameter estimates   
All Paths are adjusting for parent’s education, race/ethnicity, gender, age, and 2-Parent Household 
Sobel Test: z-test: 3.86  (p-value<0.01)
Cancer, Diabetes or Epilepsy 
Depressive 
Symptoms 
Does Not Complete 
High School or a GED 
by 21 years of Age 
a*= β: 6.67 (3.27, 10.07) b*= OR: 1.01 (1.01 – 1.02)  
c*= 1.96 (1.13 – 3.37)  
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Background: Among youth with chronic health conditions, we examined the timing of 
the onset of chronic health conditions and the extent of their limitations to elucidate the 
impact that each measure has on educational attainment.  We incorporated factors from 
the individual’s family, school and neighborhood. 
Methods:  The National Longitudinal Survey of Youth – 1997 (n=8984), a nationally 
representative cohort of 12-16 year olds formed in 1997 was used for this analysis.  
Multivariate logistic regression models were fit to estimate the association for youth 
limited by and/or onset of a chronic health condition and educational attainment.  
Results: Overall 22% of the sample had a chronic health condition; 37% of whom 
reported a limiting condition.  Youth who reported that they were limited by a chronic 
health condition were significantly less likely to c mplete high school or a Graduate 
Equivalency Degree (GED) by 21 years old compared to youth without a condition, OR: 
1.76 (95% CI: 1.33 - 2.34).  The odds of poor education l attainment for youth who had 
early onset (12 years or younger) were significantly higher compared to youth without a 
condition, OR: 1.61 (95% CI: 1.29 – 1.99).  Different academic and psychosocial factors 
attenuated the significant associations found.  School factors were important for youth 
with early onset. 
Conclusion: Youth who are limited by or have early onset of chronic health conditions 
are at a particularly high risk for not completing hi h school.  Each measure showed 
different mitigating factors from the youth’s environment as well as psychosocial and 




As medical technology is improving, more children are living longer with more severe 
chronic health conditions [1].  An estimated 95% of children with a chronic health 
condition are now living past 20 years of age [2-4].  Recent studies have shown an 
association with chronic health conditions and poorer educational outcomes [5 - 11].  In a 
2011 U.S. study, authors concluded that both young adults who had asthma and young 
adults who had other chronic health conditions (e.g., cancer, diabetes and epilepsy) were 
less likely to graduate high school compared to healt y young adults [5].  Our past work 
has also determined an association with overall chronic health conditions and poor 
educational attainment [12].  
 Youth with chronic health conditions vary with respct to how each condition is 
associated with educational attainment.  For example, youth who are limited by a 
condition or have had their condition for a long period (i.e., early onset) may be at higher 
risk.  Studies that have grouped chronic health conditions together have shown that the 
impact on educational outcomes for childhood onset (<18 years of age) may be similar 
across certain health conditions [6, 11].  Longitudinal studies for specific childhood onset 
chronic health conditions such as cancer and epilepsy have separately shown similar poor 
social and educational outcomes [9, 10].  A recent U.S. nationally representative cohort 
study showed that adult onset (18 or over) chronic health conditions were less strongly 
associated with poor educational outcomes than childhood onset chronic health 
conditions [6].  Moreover, it was concluded that specific factors that lead to educational 




 Research has also examined the association between early childhood onset of 
specific chronic health conditions and poor academic achievement.  In a small cross 
sectional Finnish study of children with type 1 diabetes, it was determined that early 
onset, defined as 5 years or younger,  had poorer academic skills compared to children 
without diabetes independently of a history of sever  hypoglycemia and diabetic 
ketoacidosis [13].  The researchers concluded that those children with early onset of 
diabetes had an increased risk of learning problems [13].   However, findings from a 
cross-sectional study conducted in Iowa did not show differences in academic 
achievement for early or later onset type 1 diabetes [14].  These studies showed mixed 
results but were each limited in scope.  Understanding the association of early childhood 
onset of chronic health conditions and poor education l attainment may clarify the impact 
of this potentially high-risk group on a youth’s educational attainment.  
 Past research has shown that inclusion of milder conditi ns may attenuate the 
association of poor adult educational and social outcomes [11].  Previous literature has 
shown that less severe cases of asthma do not affecedu ational outcomes as much as 
moderate or severe cases [7, 8].  A study confirmed that there was a need to assess 
asthma severity levels, asyoung adults who had non-asthmatic chronic health conditions 
had worse high school or Graduate Equivalency Degree (GED) completion compared to 
young adults who had asthma in general [5].   
 Disease-specific studies also show the importance of d gree of a chronic health 
condition and its effect on poor educational achievement.  Children with poorly 
controlled type 1 diabetes had lower grade point aver ges, reading scores and an overall 
lower acquisition of academic skills compared to children with average control [13, 14]. 
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For boys with seizure disorders, those with the greatest severity were at the most risk of 
academic achievement-related problems [15].   Finally, in a British cancer survivor study 
it was shown that students with specific types of cancers, particularly cancers that target 
the central nervous system, achieve an educational attainment that is lower than that of 
the general population [10].  Although the degree of the chronic health condition appears 
to be important for educational outcomes, there is little research on youth who report 
being limited by a chronic health condition and how the limitations may affect 
educational attainment.     
 In a major review of the literature, Rumberger suggested a framework for 
studying student academic performance [16].  According to this framework, the family, 
school and neighborhood influence a student’s performance during all time periods.  
Understanding a student’s completion in high school requires identifying contextual 
factors from the family, neighborhood and school.  Additionally,  these factors may be 
critical for the management of chronic health conditions.  These critical influences may 
allow an afflicted person to cope better with major stressors and contribute to overall 
school achievement [16, 17, 18].   
 We examined the association of youth limited by a chronic health condition 
and/or who had early onset of a chronic health condition and educational attainment.  
These measures may prove to be better identifiers of poor educational attainment 








The National Longitudinal Survey of Youth – 1997 (NLSY’97), a cohort of 8,984 youths 
aged 12 to 16, was used in this secondary data analysis [19].  Parental and youth one-hour 
interviews were administered in 1997 and the youth continued to be interviewed on an 
annual basis through 2009 [20].  Other information for this study came from participant’s 
transcripts, surveys of the school that the participant attended and records of the 
participant’s residence on the census tract level.  Variables in our dataset were included 
through 2009 [20].  
Measures 
Exposure – Onset of a chronic health condition and youth limited by a chronic health 
condition were assessed by the parent survey in 1997 and participant survey in 2002.  The 
1997 parent survey asked whether the participant ever had a condition.  The 2002 survey 
asked whether they ever had been diagnosed with a chroni  health condition.   Each 
reported if he or she was currently limited by the c ronic health condition.  The parent 
survey asked when the chronic health condition was first noticed and in 2002 the youth 
survey asked when the chronic health condition was first diagnosed.  We did not consider 
those that reported allergies, STDs, anemia and infectious diseases other then HIV as 
chronic health conditions in this analysis based on prior literature and our past work [12, 
21].   
 Onset of a chronic health condition was estimated by when the condition was first 
noticed (1997) or diagnosed (2002).  The earliest age reported for any chronic health 
condition was used.  The 75th percentile from this distribution was defined as erly onset 
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(when 12 years of age or younger).  This point represents the transition of elementary 
school to middle school.  The American Academy of Pediatrics reports stages of 
development that separates gradeschool (5 – 12 years) from teen (12 years – 18 years) 
[22].  Youth who identified a chronic condition after 12 years of age were classified as 
later onset.  Youth who did not report a chronic health condition were the comparison 
group.        
 Youth limited by a chronic health condition were determined by whether the 
chronic health condition limited the participant “a lot” or “a little.”  The combination of 
“a lot” or “a little” was based on sample size constraints.  If the chronic health condition 
did not limit the participant during these time periods, he or she was classified as not 
limited by the chronic health condition.  Youth who did notreport a chronic health 
condition comprised the comparison group. 
 Finally, a unified measure was developed that included both onset of a chronic 
health condition and youth limited by a chronic health condition.  When each criterion 
was met, these participants were classified as limited and had early onset.  Those 
participants who were either limited by a chronic health condition or had early onset of 
the chronic health condition, but not both, were separately categorized.  Youth who were 
not limited by a chronic health condition and had lter onset of a chronic health condition 
were also independently categorized.  Overall, there were four categories: (1) limited and 
had early onset, (2) limited by or had early onset of the chronic health condition  (3) not 
limited by and later onset of a chronic health condition, and (4) never reporting a chronic 
health condition.  
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 Outcome – Educational attainment was operationalized by completion of a high 
school degree or Graduate Equivalency Degree (GED) by 21 years of age.  The 
participant was asked throughout the follow-up period when or if he or she graduated. 
 Covariates  – Individual level control variables were obtained from the youth and 
parent surveys.  Individual level academic variables w re obtained from transcripts and 
the youth surveys.  Individual level psychosocial vriables were obtained from the youth 
surveys.  School variables were obtained from school surveys on-site at the Bureau of 
Labor Statistics.  Neighborhood level variables were also obtained on-site from the 
census tract in which the participant resided in 1997.    
Individual Level - Control Variables 
Core control variables that were used throughout the analysis included: (1) participant’s 
age in 1997, (2) participant’s gender, (3) participant’s race/ethnicity and (4) parent 
education level.  These variables were assessed in the baseline year (1997).  The 
following categories were used for a participant’s race/ethnicity: (1) Black, Non-
Hispanic, (2) Hispanic, (3) Mixed Race, Non-Hispanic, and (4) Non-Black, Non-
Hispanic.  The mixed race, Non-Hispanic category comprises 1% of the sample.  
Consequently, this category was added to the Black, Non-Hispanic category.  The highest 
grade that either the mother or father completed was used to assess parent education level 
irrespective of whether the parent is currently living with the participant.  Responses 
ranged from 0 (no prior education) to 20 (8 or more years of college).  Whether the 





Individual Level -- Academic Variables 
Grade point average was obtained from high school transcripts.  This information was 
collected for the older participants in 2000.  The remaining participants as well as some 
of the missing transcripts from the previous collection were obtained in 2004.  The 
Carnegie weighting system was used to weight the participant’s grades by the quality of 
credits received and scores ranged from 0.0 to 5.0.  
 Whether a participant repeated a grade was assessed from the reported number of 
grades repeated from elementary school, middle school and high school.  This was a 
cumulative measure developed by survey staff that incorporated the parent survey and 
follow up rounds from the youth surveys.  This variable was binary and was assessed as 
“Never Repeated a Grade” or “Repeated a Grade.” 
Individual Level -- Psychosocial Variables 
The depressive symptoms score were calculated from the participant’s score on the 
Mental Health Inventory – 5 (MHI-5) collected in 2000 [23, 24].  A higher score 
indicated more depressive symptoms [23].  This inventory cannot be used for a 
depression diagnosis [23].  If there was a missing value for one of the 2000 questions, the 
2002 score on the same question was added to the overall depressive symptoms score.   
The MHI-5 has a Cronbach alpha of 0.82 [25, 26].  
 The substance abuse variable was constructed with the questions: if the 
participant ever smoked, ever drank alcohol or ever us d marijuana from the 1997 youth 
survey.  There were three categories created: (1) used all three, (2) used at least one and 
(3) used none. 
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 A participant felt safe at the school was operationalized from the 1997 youth 
survey that asked, “Do you feel safe at school?”  
Community Level – Neighborhood 
Neighborhood level variables were defined from the census tract that the participant 
resided in 1997.  Neighborhood education was operationalized by the percentage of 
people within their neighborhood who do not have a high school degree based on 2000 
Census data [27].  Neighborhood income was measured by the median household income 
of the census tract in 1999.  These variables were analyzed continuously.   
Community Level – School 
The National Opinion Research Center (NORC) created surveys for all schools with a 
12th grade within each National Longitudinal Survey of Y uth primary sampling unit in 
1996.  School surveys were sent to the principal of each school in 1996.  The original 
schools as well as any additional schools participants ttended were surveyed with a 
separate questionnaire in 2000.  Variables were devloped first from the 1996 surveys but 
if values were missing, the 2000 survey was used.  School identification numbers were 
linked to the school that the students attended in 1997.  If this school was not available, 
the following school that the student attended was used.  
 School type was classified as (1) public and (2) private.  Thereported percentage 
truancy was used to describe the overall environment.  Racial composition of the school 
was assessed by the percentage of Non-Hispanic White students.  Teacher characteristics 
were examined by 5-year teacher turnover and the percentage of teachers with advanced 
degrees.  To estimate 5-year teacher turnover, the percentag  of teachers at the school 
who had taught there five years earlier was used.  Percent of Non-Hispanic White 
 
 123
students and percent of teachers with advanced degrees were collapsed into binary 
variables based on the mean.  Higher and lower groups better represented their 
associations with educational attainment based on pri r literature and analysis of these 
variables continuously [28].    
Analysis 
Descriptive statistics of the sample’s onset of chronic health conditions, youth limited by 
chronic health conditions, as well as limited and ha early onset were conducted.  Each of 
these variables and covariates were compared to the completion of high school or a GED 
by bivariate analysis using chi-square and t-tests.  Multivariate logistic regression was 
used to estimate the association for youth limited by a chronic health condition, onset of 
chronic health conditions, limited and had early onset and high school or GED 
completion by 21 years of age adjusting for control variables and exploring the influences 
of the youth’s neighborhood and school as well as ac demic and psychosocial factors.  
Multiple models were fit implementing SAS 9.2 (SAS Institute, Cary, NC).  Our final 
model’s analytic sample was n= 6,738 for onset (Figure 1) and n=6,701 for our limited 
measure (Figure 2).  We used proc surveylogistic to estimate odds ratios and 95% 
confidence intervals.  All models controlled for the complex survey design of the NLSY 
’97 by using customized survey weights, primary sampling units and strata.   
 The school analyses had many missing values.  Based on bivariate analyses 
comparing missing values to non-missing values, the exposure variables used were not 
significantly different.  However in each case the analytic sample was older (by close to 
14 months), had more educated parents (by less then half a grade) and had more Non-




School, neighborhood, academic and psychosocial variables were separately added to the 
model.  Academic and psychosocial variables were add d to the model based on prior 
literature and consideration of sample size and model fit [29].  To the best of our 
knowledge, neighborhood and school factors have not been used to examine the 
association of chronic health conditions and poor educational attainment.  Consequently, 
we examined a series of neighborhood and school variables.  A forward selection was 
conducted to limit these variables in the model.  This model selection was conducted 
using proc surveylogistic based on a SAS macro from Wang and Shin [30].   A forward 
selection was implemented because we wanted to test the ignificance of new variables 
based on addition to our robust model.   
RESULTS 
Table 1 includes sociodemographic characteristics for the whole sample, frequencies of 
the exposure measures and bivariate analyses with the poor educational attainment 
outcome.  Overall, 22% of the sample reported a chronic health condition and 8% were 
limited by a chronic health condition.  Fourteen percent of the sample had a chronic 
health condition with early onset, and 6% of the sample was both limited and had early 
onset of their chronic health condition.  Fifteen percent of the sample did not complete a 
high school degree or a GED by 21 years of age.  Among youth limited by a chronic 
health condition, 17% did not complete a high school degree or a GED by 21 years of age 
(12% of poor educational attainment participants).  For youth who had early onset of a 
chronic health condition, 16% did not complete a high school degree or a GED by 21 
years of age (19% of poor educational attainment participants).  Among youth limited 
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and had early onset, 18% did not complete a high school degree or a GED by 21 years of 
age (9% of poor educational attainment participants). 
 Among youth who reported ever having asthma, 46% were limited, 83% reported 
early onset and 38% were limited and had early onset.  Among youth who reported 
cancer, diabetes, or epilepsy, 39% were limited, 59% reported early onset and 25% were 
limited and had early onset.  Among youth who reported heart conditions, 40% were 
limited, 76% reported early onset and 27% were limited and had early onset.  
 Tables 2 – 4 show the results of logistic regression in the association of youth 
limited (Table 2), had early onset (Table 3) and limited and had early onset (Table 4) and 
poor educational attainment.  The models presented diverge slightly for all three tables to 
better represent the factors influencing each measur .  Generally, Model 1 and Model 2 
estimated the associations of youth limited, youth wit  early onset or youth limited and 
had early onset and poor educational attainment adjusting for confounders.  Models 3 
through 5 additionally adjusted for academic variables or psychosocial variables.  The 
final models (Model 6 and Model 7) adjusted for neighborhood and school variables. The 
specific results from our tables are presented below.    
Youth Limited by a Chronic Health Condition 
In Model 2.1, the odds of not completing a high school diploma or a GED by 21 years of 
age were higher for youth limited by a chronic health condition, OR: 1.76 (95% CI: 1.33 
- 2.34) compared to youth without a chronic health condition adjusting for demographic 
variables.  For youth not limited by a chronic health condition, the odds of not 
completing a high school diploma or a GED by 21 years of age were not significantly 
different when compared to youth without a condition, OR: 1.06 (95% CI: 0.82 – 1.35).  
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Whether or not the family was a 2-parent household was added to Model 2.2.  The 
association remained significant for youth limited by a chronic health condition and poor 
educational attainment, OR: 1.70 (95% CI: 1.27 - 2.28).  It should be noted that youth 
limited by their chronic health condition had significantly higher odds of poor 
educational attainment compared to only youth that were not limited by their chronic 
health condition adjusting for all factors in Model 2.2 (not reported in tables: n=1217), p-
value = 0.02, OR: 1.57 (95% CI:  1.09 – 2.27).    
 In Model 2.3, we estimated being limited by a chronic health condition and poor 
educational attainment examining the influences of th se participants who repeated a 
grade.  The association for youth limited by a chronic health condition and poor 
educational attainment was reduced but still significant, OR: 1.57 (95% CI: 1.11 - 2.21).  
It should also be noted that when other academic var ables were added separately, such as 
grade point average, the association between youth limited by a chronic health conditions 
and educational attainment were only slightly attenuated (not reported in tables).  
 When psychosocial variables (depressive symptoms score, felt safe at school, 
substance abuse) were separately added to the model, the previous association between 
youth limited by a chronic health condition and poor educational attainment was 
attenuated but still remained significant, OR: 1.56 (95% CI: 1.15 - 2.12).  In Model 2.5, 
we added both psychosocial, and academic variables, and the association was no longer 
significant, OR: 1.39 (95% CI: 0.96 - 2.00).  For Model 2.6, we added neighborhood and 
school variables separately from academic and psycho ocial variables, and the 
association was significant.  The final model added the percentage truancy at the school 
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to the other school and neighborhood level variables, which increased the odds of the 
association to 1.73 (95% CI 1.13 - 2.65).   
Onset of a Chronic Health Condition 
Seven models are provided in Table 3.  In Model 3.1 it was found that the odds of not 
completing a high school diploma or a GED by 21 years of age were higher for youth 
with chronic health conditions that was early onset, OR: 1.61 (95% CI: 1.29 – 1.99) 
compared to youth without a chronic health condition, when adjusting for demographic 
variables.  Youth with later onset of a chronic condition, at 13 years of age or older, also 
had higher odds of poor educational attainment, OR: 1.42 (95% CI: 1.00 – 2.02) 
compared to youth without a condition.  The next model estimated onset of chronic 
health conditions and poor educational attainment while adjusting for whether the family 
was a 2-parent household.  The association with early onset and poor educational 
attainment still remained significant, OR: 1.61 (95% CI: 1.28 - 2.01).  In this model, later 
onset of a chronic health condition did not have significantly higher odds of poor 
educational attainment compared to youth without a condition, OR: 1.35 (95% CI: 0.94 - 
1.94).  It should be noted that when we compared youth with early onset to only youth 
with later onset (n=1254) adjusting for all factors in Model 3.2 (not reported), there was a 
28% higher odds of poor educational attainment but this association was not significant, 
p-value = 0.21, OR: 1.28 (95% CI: 0.87 – 1.90). 
 In Model 3.3, we added the variable repeated a grade to the association between 
onset of chronic health conditions and poor education l attainment.  Participants with 
early onset of a chronic health condition still had higher odds of poor educational 
attainment, OR: 1.87 (95% CI: 1.43 – 2.43).  For Model 3.4, high school grade point 
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average was added and for youth with early onset of a chronic health condition, the odds 
for poor educational attainment was no longer significantly different as compared to 
youth without a condition, OR: 1.35  (95% CI: 0.90 – 2.02).  
 When psychosocial variables were added to the model, the association between 
early onset of chronic health conditions and poor educational attainment was attenuated 
but still significant, (Model 3.5, OR: 1.28, (95% CI: 1.00 – 1.65)).  We then adjusted for 
both academic and psychosocial variables and the odds f poor educational attainment for 
early onset was no longer significant, OR: 1.15 (95% CI: 0.77 - 1.72).  In Model 3.7, we 
adjusted for neighborhood and school level variables.  The association was attenuated, 
OR: 1.45 (95% CI: 1.02 – 2.07) but for later onset chronic conditions the association with 
poor educational attainment remained, OR: 1.70 (95% CI: 1.04 – 2.77).  
Youth Limited and Had Early Onset 
In Table 4, the results of the association between youth with early onset of a chronic 
health condition and youth limited by a chronic health condition and educational 
attainment are presented.  It was found that youth limited and had early onset had higher 
odds of not completing a high school diploma or a GED by 21 years of age, OR: 1.74 
(95%: 1.24 – 2.43) compared to youth without a chronic health condition when adjusting 
for demographic variables (Model 4.1).  The results were similar for academic and 
psychosocial variables as in the above analysis.  School and neighborhood variables, with 
the exception of percentage truancy, did not affect this association found (Model 4.5).  It 
was also found that the odds of poor educational att inment were higher for youth who 
were both limited and had early onset of a chronic health condition, OR: 1.96 (95% CI: 
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1.22 – 3.17) compared to who did not report a chronic health condition adjusting for 
percentage truancy and all other school and neighborhood level variables (Model 4.6).  
DISCUSSION 
Overall, being limited by a chronic health condition and having early onset of a chronic 
health condition both significantly elevated the odds of not completing high school or 
obtaining a GED by 21 years of age compared to youth who did not report a chronic 
health condition.  These findings support existing l terature that youth who had a chronic 
health condition before the age of 18 have poor educational outcomes [5 - 11].  As life 
expectancy improves for children with chronic health conditions, these children are at an 
increased risk of poor educational attainment [2-4].      
 This study differs from previous work in that our sample was a younger 
adolescent population and we included youth with asma in our analysis [5-11].  Our 
measure of early onset was when conditions were report d before the age of 13 whereas 
prior studies used before the age of 18.  We identifi d mportant factors for onset of 
chronic health conditions as well as for youth who were limited by a chronic health 
condition.  In our past work, an association was established between the presence of 
chronic health conditions and poor educational attainment.  In this study, we expanded 
upon previous research by identifying high-risk groups with chronic health conditions 
that were better overall measures for predicting poor educational attainment. 
 Family socioeconomic status particularly poverty has been shown to be the most 
important predictor for school performance [16].  This study adjusted for socioeconomic 
status at baseline.  Youth could have experienced poverty prior to our study.  This may 
have an influence on the likelihood of ever having a chronic health condition and poor 
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attainment.  Early onset of a chronic health condition combined with early life poverty 
could further increase the burden on the child and lea to a higher amount of poor 
educational attainment.  Youth that have been poor ove time and have developed a 
chronic health condition may have poorer treatment options.  This could lead to more 
limiting chronic health conditions.    
 Youth who had later onset also had a significant increase in the odds of not 
completing high school or obtaining a GED by 21 years of age.  However, the odds of 
poor educational attainment were higher for youth who had early onset of a chronic 
health condition compared to youth who had later onset of a condition.  
 Eighty one percent of individuals who had a chronic health condition with early 
onset were youth with asthma, whereas forty nine percent of youth with later onset 
reported having asthma.  Past literature has shown that asthma is a less severe condition 
compared to other chronic health conditions [6].  Despite the past literature and the 
difference in composition, youth with early onset still had worse educational outcomes 
compared to later onset.  Early onset for youth wit asthma and other chronic health 
conditions may suffer from a cumulative effect over time.  For example, youth with 
asthma have more trouble sleeping and are more likely to miss classes [31].  The 
cumulative impact from these afflictions may affect development more compared to later 
onset.  These results are important because they demonstrate that not only does the type 
of chronic health condition affect poor educational attainment but the timing of the onset 
does as well.      
 Youth limited by a chronic health condition had higher odds ratios of poor 
educational attainment compared to youth with early onset.  Also, the odds ratios for 
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youth who were limited and had early onset of a chronic health condition were only 
slightly higher compared to youth limited by a condition.  These results suggest that 
being limited by a chronic condition may be a better indicator of elevated risk of poor 
educational attainment compared to early onset.   
 Youth limited by a chronic health condition included those who were either 
limited “a little” or “a lot" by a chronic health condition, and among individuals who 
were limited by a chronic health condition, 74% were youth with asthma.  As noted 
earlier, it has been shown that milder conditions may attenuate the effect on chronic 
health conditions and poor adult outcomes, particularly for youth with mild asthma  [6, 8, 
11].  It has been suggested that the milder the conditi , the less of an effect on 
adolescent development [32].  These findings suggest that being limited by a chronic 
health condition is an important parameter for youth with asthma when identifying those 
at risk of poor educational attainment.  Youth were also limited by non-asthmatic chronic 
health conditions and the significantly higher odds of poor educational attainment 
confirms other disease specific associations from the li erature including cancer, diabetes, 
and epilepsy and their poor educational outcomes [10, 13 - 15].  For example, in cross-
sectional studies it was found that student’s who controlled their diabetes so that it no 
longer limited them was essential to achievement and attainment [13, 14].   
 When academic variables and psychosocial variables were both added in the 
model, the association of youth who were limited by a chronic condition and poorer 
educational attainment was no longer statistically significant.  This occurred for onset as 
well.  These results are similar to the Haas and Fosse study that showed the association of 
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self-reported health and educational attainment among adolescents was attenuated by 
academic and psychosocial factors [29].  
 However, it was also shown that each onset or limited measure’s association with 
poor educational attainment was uniquely influenced by the specific academic factors 
added.  Understanding these variations may aid in better strategies to prevent poor 
educational attainment for each high-risk group.  For example, the variable repeated a 
grade attenuated the association for youth limited by a chronic health condition and poor 
educational attainment but not for the association with early onset of a chronic health 
condition and poor educational attainment.  This suggests that the association for youth 
limited by a chronic health condition and poor educational attainment was more affected 
by grade repetition compared to the association with early onset of a chronic health 
condition and poor educational attainment.  Similarly, the association for youth with early 
onset of a chronic health condition and poor education l attainment was more affected by 
grade point average compared to the association with youth limited by a chronic health 
condition and poor educational attainment. 
 It appeared that the school had an important effect on the association of early 
onset of chronic health conditions and poor education l attainment.  This suggests that 
school selection is important for those participants with chronic health conditions early in 
life.  These findings have not been examined previously.  However in a recent study, a 
participant’s connectedness to school was a significant factor in the association of those 
with childhood chronic health conditions and college graduation [33].  School 
characteristics, programs and policies may promote school connectedness.  Specific 
health programs such as homebound instruction, counseling services and school policies 
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need to be further studied.  Determining these programs effects on maintaining academic 
standing may be critical.  The American Academy of Pediatrics recommend parents make 
the school aware of their child’s chronic health condition and develop a plan with the 
school that outlines the child’s needs and goals [34].  Potential effect modification with 
school factors and chronic health conditions merits study. 
 Strengths of this study included that we were able to use a large, nationally 
representative dataset that had many measures from exceptional sources including 
youth’s transcripts.  This allowed us to examine many potential high-risk groups as well 
as factors that contribute to each association withpoor educational attainment. 
 Study limitations included that it was a secondary analysis.  Each of the self-
reported surveys may be subject to measurement error.  The parent survey (1997), a self-
reported identification of chronic health conditions is problematic because those parents 
who are more involved and knowledgeable of health issues may be more aware of the 
participant’s health.  These parents would likely rport a chronic health condition more 
often.  Onset of a chronic health condition was defined as when it was first noticed in 
1997 and when it was first diagnosed in 2002, which are subject to variation.  These 
questions may capture distinct populations.     
 In conclusion, youth limited by chronic health conditions, and early onset of a 
chronic health condition had poor educational attainment.  Parents and teachers of 
children of these groups need to be aware of the risk of poor educational attainment.  
Diagnosis and treatment of chronic health conditions is extremely important not only to a 
student’s health but also their education.  These students may also benefit the most from a 
school with superior school characteristics.  However, future research should examine 
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specific school programs and policies such as home schooling and other support.   
Further study of the academic and psychosocial factors identified may ultimately help to 
prevent these youth from having a poor educational att inment or allow them to maintain 





1) Perrin JM, Bloom SR, Gortmaker SL.  The Increase of Childhood Chronic Illness in 
the United States. JAMA. 2007; 297(24): 2755-2759. 
 
2) Pinzon J, Harvey J. Care of adolescents with chronic conditions.  Paediatr Child 
Health. 2006; 11(1): 43-8. 
 
3) van Dyck PC, Kogan MD, McPhereson MG, Weissman GR, Newacheck PW.  
Prevalence and characteristics of children with special health needs. Arch Pediatr 
Adolesc Med. 2004; 158: 884-90. 
 
4) Gortmaker SL, Sappenfield W. Chronic childhood disorders: Prevalence and impact. 
Pediatric Clin North Am. 1984; 31: 3-18. 
 
5) Maslow GR, Haydon AA, Ford CA, Halpern CT. Young Adult Outcomes of Children 
Growing Up with Chronic Illness. Archives of Pediatric and Adolescent Medicine. 2011; 
65(3): 256-261. 
 
6) Maslow GR, Haydon AA, McRee AL, Ford CA, Halpern CT. Growing Up With a 
Chronic Illness: Social Success, Educational/Vocatinal Distress.  Journal of Adolescent 
Health. 2011; 65 (3): 256-261. 
 
7) Bussing R, Aro H. Youth with chronic conditions and their transition to adulthood: 
findings from a Finnish cohort study. Arch Pediatr Adolesc Med. 1996; 150(2): 181-186. 
8) Kokkonen J. The social effects in adult life of chronic physical illness since childhood. 
Eur J Pediatr. 1995; 154(8): 676-681. 
9) Camfield CS, Camfield PR. Long-term social outcomes for children with epilepsy. 
Epilepsia. 2007; 48(Suppl 9): 3–5.  
10) Lancashire ER, Frobisher C, Reulen RC, Winter DL, Glaser A, Hawkins MM. 
Educational attainment among adult survivors of childhood cancer in Great Britain: a 
population-based cohort study. J Natl Cancer Inst. Feb 24 2010; 102(4): 254–270.  
11) Perrin EC, Newacheck P, Pless IB, et al. Issues involved in the definition and 
classification of chronic health conditions. Pediatrics. 1993 Apr; 91(4): 787–793.  
 
12) Champaloux SW, Young DR.  Types of Childhood and Adolescent Chronic Health 
Conditions and their Educational Attainment: A Social Ecological Approach.  
Manuscript in preparation. 
13) Hannonen R, Komulainen J, Eklund K, Tolvanen A, Riikonen R, Ahonen T.  
Academic Skills in Children with Early-Onset Type 1 Diabetes: the effects of diabetes-




14) McCarthy AM, Tsalikian E, Lindgren S, Engvall J, Mengeling J.  Factors Associated  
with Achievement in Children with Type 1 Diabetes. Diabetes Care. 2003; 26(1): 
112-117. 
 
15) Austin JK, Huberty TJ, Huster GA, Dunn DW. Academic achievement in children                                     
with epilepsy or asthma.  Developmental Medicine and Child Neurology. 1998; 40       
(4): 248-255.  
 
16) Rumberger RW.  Who drops out of school and why. Paper prepared for the: 
National Research Council, Committee on Educational Excellence and Testing Equity  
Workshop; July 17-18, 2000; Washington, DC and incorporated into the report,   
Understanding Dropouts: Statistics, Strategies, and High-Stakes Testing, edited by Beatty  
A, Neiser, U, Trent W, Heubert J. Washington, D.C.: 2001. National Academy Press. 
 
17) Clay D. Helping Schoolchildren with Chronic Health Conditions: A Practical Guide. 
New York, NY: The Guilford Press; 2004. 
 
18) Garner CL, Raudenbush SW.  Neighborhood Effects on Educational Attainment: A 
Multilevel Analysis.  Sociology of Education. Oct 1991; 64: 251-262. 
 
19) Bureau of Labor Statistics.  National Longitudinal Survey of Youth 1997 (NLSY97).  
http://www.bls.gov/nls/nlsy97.htm. Accessed February 2011. 
 
20) Bureau of Labor Statistics, U.S. Department of Labor. National Longitudinal Survey 
of Youth 1997 cohort, 1997-2009 (rounds 1-13) [computer file]. Produced by the 
National Opinion Research Center, the University of Chicago and distributed by the 
Center for Human Resource Research, The Ohio State Univ rsity. Columbus, OH: 2011. 
 
21) Mokkink L, van der Lee J, Grootenhuis M, Offringa M, Heymans H.  Defining 
chronic diseases and health conditions in childhood (0–18 years of age): national 
consensus in the Netherlands.  European Journal of Pediatrics. 2008; 167: 1441-1447. 
 
22) American Academy of Pediatrics.  Ages and Stages.. 
http://www.healthychildren.org/English/ages-stages/Pages/default.aspx. Accessed July 
15, 2013. 
23) Yamazaki S, Fukuhara S, Green J.  Usefulness of five-item and three-item Mental 
Health Inventories to screen for depressive symptoms in the general population of Japan. 
Health and Quality of Life Outcomes. 2005; 3: 48. 
 
24) Viet CT, Ware JE, Jr.  The Structure of psychological distress and well-being in 




25) Rumpf HJ, Meyer C, Hapke U, John U.  Screening for mental health: validity of the 
MHI-5 using DSM-IV Axis I psychiatric disorders as gold standard. Psychiatry 
Research. 2001; 105(3): 243-253. 
 
26) National Multiple Sclerosis Society.  Clinical Study Measures: Mental Health 
Inventory.  http://www.nationalmssociety.org/ms-clinical-care-
network/researchers/clinical-study-measures/mhi/index.aspx.  Accessed June 3, 2013. 
 
27) US Bureau of the Census. Summary File 3. 2000 Census. Available at: 
http://factfinder2.census.gov/www.census. Accessed D cember 2011. 
 
28) Nettles M, Millet C, Oh H. The Challenge of Opportunity of African American 
Educational Achievement in the U.S. In: Rebell MA, Wolff JR, eds. NCLB at the 
Crossroads: Reexamining the Federal Effort to Close the Achievement Gap. New York: 
Teachers College Press; 2009: 43-82. 
 
29) Haas SA, Fosse NE.  Health and the educational attainment of adolescents: Evidence 
from the NLSY97. Journal of Health and Social Behavior. 2008; 178-190 
 
30) Wang F, Shin HC.  SAS Macros for Complex Survey Model Selection Using Proc 
Surveylogisitic/Surveyreg. Paper presented at: MidWest SAS Users Group (MWSUG), 
Conference Proceedings: paper SA-02; September 25-27, 2011; Kansas City, MO. 
 
31) Yeatts K, Shy C, Sotir M, Music S, Herget C.  Health consequences for children with 
undiagnosed asthma-like symptoms. Arch Pediatric Adolescent Medicine. 2003 Jun; 157 
(6): 540-4 
 
32) Suris JC, Michaud PA, Viner R. The adolescent with a chronic condition.  Part 1: 
developmental issues.  Arch Dis Child. 2004; 89: 938–942. 
 
33) Maslow GR, Haydon AA, McRee AL, Halpern CT. Protective connections and 
educational attainment among young adults with childhood-onset chronic illness. J Sch 
Health. 2012; 82: 364-370 
 
34) American Academy of Pediatrics.  Chronic Conditions a d Schools. 
http://www.healthychildren.org/English/health-issue/conditions/chronic/pages/Chronic-
Conditions-and-School.aspx.  Accessed June 3, 2013. 
 
 138
Table 1: Weighted Sample Characteristics Of The Nation l Longitudinal Survey of 
Youth – Cohort 1997 By Completion Of A High School Degree Or Graduate 
Equivalency Degree By 21 Years of Age 
 
  Overall n=8984 
%1 Or Mean (SE2) 
Completed A HSD3 
Or GED4 By 21 
Years Of Age,  
(%) n=7286 
Did Not Attain A 
HSD Or GED By 21 




Variable, Sample Size 
 









    
  Chronic Health Condition           
  (%) n=7196 
         
 
  Did Not Ever Have A Chronic           
  Health Condition 




  Ever Had A Chronic Health   
  Condition  
22.17% 21.35% 27.54%  
  Limited By The Chronic Health  
  Condition (%) n=7098 
    
    Limited A Lot/A Little 8.30% 7.82% 11.97%  
    Not Limited  10.50% 10.46% 10.10% χ2: 
p<0.01 
    Does Not Report Condition 81.20% 81.71% 77.94%  
  Onset (%) n=7134      
    Early Onset  (12 and younger) 14.48%  13.83% 19.09%  
    Later Onset (13 and older) 4.91% 4.76% 5.67% χ2: 
p<0.01 
    Does Not Report Condition  80.61%   81.41% 75.24%  
  Limited And Onset (%) n=7044     
    Early Onset And Limited A             
    Lot/A Little 
6.01% 5.61% 8.96%   
 
    Early Onset Or Limited A             
    Lot/A Little 
9.62% 9.62% 9.59% χ2: 
p<0.01 
    Not Limited and Later Onset 2.61% 2.50% 2.94%  
    Does Not Report Condition     81.76% 82.27% 78.51%  
 
Individual – Student Background 
 
    
Age- January 1, 1997 (n=8984)  14.54 (0.02) 14.55 (0.02) 14.54 (0.04) t: p=0.86 
Race/Ethnicity (%) n=8984     
    Black, Non-Hispanic 15.40% 14.16% 21.31%   
    Hispanic 12.86% 11.80% 18.26% χ2: 
p<0.01 
    Mixed Race, Non-Hispanic 1.23% 1.25% 0.88%  
    Non-Black, Non-Hispanic 70.50% 72.78% 59.55%  
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  Gender (%) n=8984     
  
    Male 51.32% 50.36% 55.74% χ2: 
p<0.01 
    Female 48.68% 49.64% 44.26%  
 
Individual – Family  
 
    
  Parent’s Education Level     
  (Highest Grade) n=8503  
13.58 (0.09) 13.88 (0.09) 12.00 (0.10) t: p<0.01 
  2-Parent Household  
  (%) n=8984 
    
   No 47.06% 43.35% 65.45% χ2: 
p<0.01 
   Yes 52.94% 56.65% 34.55%  
 
Individual – Psychosocial 
 
    
  Depressive Symptoms (n=8417) 31.24 (0.23) 30.69 (0.22) 34.34 (0.67) t: p<0.01 
  Substance Abuse  
  (%) n=8950 
    
 
   Ever Used Alcohol, Smoked And           
   Used Marijuana 
17.74% 16.26% 24.63% χ2: 
p<0.01 
   Ever Used Alcohol Or Smoked  
   Or Used Marijuana 
37.94% 38.04% 37.77%  
   Did Not Use Any Of The Above 44.32% 45.69% 37.61%  
  Felt Safe At School  
  (%) n=8959 
    
 
   Strongly Agree 34.24% 36.36% 23.69%  
   Agree 53.12% 52.95% 53.66% χ2: 
p<0.01 
   Disagree 9.94% 8.46% 17.67%  
   Strongly Disagree 2.70% 2.23% 4.98%  
 
Individual – Academic 
 
    
  Ever Repeated A Grade     
  (%) n=5943  
    
   Never Repeated A Grade 82.40% 86.87% 52.02% χ2: 
p<0.01 
   Repeated A Grade 17.60% 13.13% 47.98%  
         2 Or More Repeated Grades 2.96% 1.73% 36.68% χ2: 
p<0.01 
         1 Repeated Grade 14.64% 11.41% 11.30%  
  Grade Point Average  
  (n= 6155) 
2.82 (0.02) 2.90 (0.02) 2.14 (0.04) t: p<0.01 
 
Community – Neighborhood  
 
    
  Neighborhood Income     
  (n=8959) 
$44,894 ($1,287) $46,022 ($1,386) $39,178 ($845) t: p<0.01 
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Community – School 
 
 Type of School (%) n=5223     
  Public School 91.69% 90.90% 96.58% χ2: 
p<0.01 
  Private School 8.31% 9.10% 3.42%  
  Percentage of Non-Hispanic     
  White  
  (%) n=5224 
    
 
   Greater Than Or Equal To         
   Mean 




   Less Than Mean 37.54% 35.68% 49.68%  
  Percentage of Teachers with     
  Advanced Degrees  
  (%) n=5083 
    
 
   Greater Than Or Equal To  
   Mean 




   Less Than Mean 47.11% 47.38% 45.93%  
  5 Year Teacher Turnover  
  (n= 5106) 
83.10% (0.59) 83.35% (0.60) 81.25% (0.91) t: p=0.01 
  Percentage Truancy 
  (n=4847) 
3.96% (0.30) 3.78% (0.33) 4.98% (0.33) t: p<0.01 













Table 2: Logistic Regression Of Youth Limited By Chronic Health Condition And Poor Educational Attainment 
 (Did Not Complete High School Or Graduate Equivalency Degree By 21 Years Of Age) 
Individual OR1 95% CI2 
n= Observations  




Model 3,  
n= 5039 








Chronic Health Condition Limited By Condition 1.76 (1.33 - 2.34) 1.70 (1.27 - 2.28) 1.57 (1.11 - 2.21) 1.56 (1.15 - 2.11) 1.38 (0.96 - 2.00) 1.73 (1.13 - 2.65) 1.97 (1.30 - 3.00) 
Not Limited By Condition  1.06 (0.82 - 1.35) 1.05 (0.81 - 1.36) 0.87 (0.61 - 1.25) 0.99 (0.76 - 1.29) 0.83 (0.58 - 1.20) 0.99 (0.69 - 1.43) 0.99 (0.67 - 1.48) 
Does Not Report Condition (ref) (ref) (ref) (ref) (ref) (ref) (ref) 
Age  1.00 (0.99 - 1.00) 1.00 (1.00 - 1.00) 1.01 (1.00 - 1.01) 1.01 (1.00 - 1.01) 1.02 (1.01 - 1.02) 1.00 (0.99 - 1.01) 1.00 (0.99 - 1.01) 
Race/Ethnicity Black or Mixed Race, Non-
Hispanic 1.60 (1.27 - 2.03) 1.25 (0.97 - 1.62) 0.88 (0.73 - 1.43) 1.34 (1.03 - 1.76) 
0.97 (0.70 - 1.33) 
1.15 (0.82 - 1.63) 
1.07 (0.74 - 1.55) 
Hispanic 0.89 (0.66 - 1.20) 0.98 (0.74 - 1.30) 0.76 (0.51 - 1.11) 1.06 (0.80 - 1.39) 0.77 (0.53 - 1.13) 1.11 (0.77 - 1.59) 1.08 (0.74 - 1.58) 
Non-Hispanic, Non-Black (ref) (ref) (ref) (ref) (ref) (ref) (ref) 
Gender Female 0.75 (0.64 - 0.87) 0.73 (0.62 - 0.85) 0.79 (0.62 - 1.02) 0.68 (0.57 - 0.80) 0.73 (0.56 - 0.95) 0.58 (0.46 - 0.74) 0.58 (0.46 - 0.74) 
Male (ref) (ref) (ref) (ref) (ref) (ref) (ref) 
Family Parent Education Level 0.73 (0.70 - 0.76) 0.74 (0.72 - 0.78) 0.74 (0.70 - 0.78) 0.75 (0.72 - 0.78) 0.74 (0.70 - 0.78) 0.77 (0.73 - 0.81) 0.77 (0.73 - 0.81) 
2-Parent Household Yes  0.36 (0.30 - 0.43) 0.46 (0.36 - 0.59) 0.41 (0.34 - 0.49) 0.50 (0.39 - 0.65) 0.32 (0.24 - 0.42) 0.33 (0.25 - 0.45) 
No  (ref) (ref) (ref) (ref) (ref) (ref) 
Academic - 
Repeated A Grade 
Repeated a Grade   7.11 (5.55 - 9.11)  6.50 (5.03 - 8. 9)   
Never Repeated a Grade   (ref)  (ref)   
School – Teachers with 
Advanced Degrees 
Greater Than Mean      1.30 (1.02 - 1.65) 1.28 (0.99 - 1.66) 
Less Or Equal To Mean      (ref) (ref) 
5-Year Teacher Turnover       0.99 (0.98 - 0.99) 0.99 (0.98 - 0.99) 
Percentage Truancy        1.02 (1.01 - 1.04) 
School Type  Public      (ref) (ref) 
Private      0.25 (0.10 - 0.65) 0.28 (0.11 - 0.73) 
Neighborhood – 
Neighborhood Income 
    
 
 
1.00 (1.00 - 1.00) 
 
1.00 (1.00 - 1.00) 
Psychosocial  Depressive Symptoms Score    1.01 (1.01 - 1.02) 1.01 (1.00 - 1.02)   
Substance Abuse Alcohol, Smoking and 
Marijuana 
   2.56 (2.03 - 3.22) 2.60 (1.86 - 3.63)   
Alcohol, Smoking or 
Marijuana 
   1.52 (1.26 - 1.83) 1.52 (1.17 - 1.98)   
Used None    (ref) (ref)   
Felt Safe At School Strongly Agree    (ref) (ref)   
 Agree    1.42 (1.13 - 1.79) 1.32 (0.96 - 1.82)   
 Disagree    2.52 (1.88 - 3.37) 2.26 (1.51 - 3.36)   
 Strongly Disagree    2.28 (1.50 - 3.48) 2.29 (1.18 - 4.43)   
Model 1: Adjusted for Demographic variables, Model 2: Adjusted for 2 Parent Household and Demographic Variables, Model 3: Adjusted for Academic Factors, Model 4: Adjusted for Psychosocial 
Factors, Model 5 Adjusted for Psychosocial and Academic Factors, Model 6: Adjusted for Neighborhood/ School Factors, Model 7: Added Percent Truancy  




Table 3: Logistic Regression Of Onset Of Chronic Health Condition And Poor Educational Attainment  
(Did Not Complete High School Or Graduate Equivalency Degree By 21 Years Of Age) 
Individual 
 


















Early Onset  1.61 (1.29 - 1.99) 1.61 (1.28 - 2.01) 1.87 (1.43 - 2.43) 1.35 (0.90 - 2.02) 1.28 (1.00 - 1.65) 1.15 (0.77 - 1.72) 1.45 (1.02 - 2.07) 
Later Onset  1.42 (1.00 - 2.02) 1.35 (0.94 - 1.94) 0.95 (0.59 - 1.52) 0.85 (0.38 - 1.88) 1.20 (0.84 - 1.72) 0.86 (0.37 - 1.99) 1.70 (1.04 - 2.77) 
Does Not Report Condition (ref) (ref) (ref) (ref) (ref) (ref) (ref) 
Age  1.00 (0.99 - 1.00) 1.00 (1.00 - 1.00) 1.01 (1.00 - 1.01) 1.01 (1.00 - 1.02) 1.01 (1.00 - 1.01) 1.02 (1.01 - 1.03) 1.00 (0.99 - 1.01) 
Race/Ethnicity Black or Mixed-Race, Non-
Hispanic 1.56 (1.24 - 1.97) 1.23 (0.96 - 1.58) 0.85 (0.63 - 1.14) 
 
0.77 (0.51 - 1.15) 1.33 (1.02 - 1.74) 
 
0.87 (0.58 - 1.29) 
 
0.89 (0.62 -1.30) 
Hispanic 0.90 (0.68 - 1.19) 0.98 (0.75 - 1.28) 0.77 (0.53 - 1.11) 0.80 (0.51 - 1.25) 1.04 (0.80 - 1.36) 0.79 (0.49 - 1.26) 0.89 (0.62 - 1.28) 
Non-Hispanic, Non-Black (ref) (ref) (ref) (ref) (ref) (ref) (ref) 
Gender Female 0.78 (0.67 - 0.91) 0.76 (0.65 - 0.89) 0.86 (0.68 - 1.09) 0.96 (0.69 - 1.33) 0.69 (0.58 - 0.82) 0.83 (0.59 - 1.18) 0.61 (0.48 - 0.77) 
Male (ref) (ref) (ref) (ref) (ref) (ref) (ref) 
Family Parent Education Level 0.74 (0.71 - 0.77) 0.75 (0.73 - 0.78) 0.75 (0.72 - 0.79) 0.80 (0.74 - 0.85) 0.75 (0.72 - 0.78) 0.78 (0.73 - 0.84) 0.77 (0.73 - 0.81) 
2-Parent Household Yes  0.38 (0.32 - 0.45) 0.49 (0.39 - 0.62) 0.53 (0.38 - 0.75) 0.41 (0.34 - 0.49) 0.56 (0.40 - 0.80) 0.35 (0.26 - 0.48) 
No  (ref) (ref) (ref) (ref) (ref) (ref) 
Academic - 
Ever Repeated A Grade 
Repeated A Grade   6.54 (5.13 - 8.34) 4.88 (3.59 - 6.65)  4.82 (3.50 - 6.64)  
Never Repeated A Grade   (ref) (ref)  (ref)  
Grade Point Average (GPA)    0.32 (0.24 - 0.43)  0.33 (0.25 - 0.44)  
School - Percentage of 
Non-Hispanic Whites 
Greater Than Mean       0.75 (0.57 - 0.98) 
Less than Mean       (ref) 
Teachers with 
Advanced Degrees 
Greater Than Mean       1.29 (1.00 - 1.65) 
Less Or Equal To Mean       (ref) 
5-Year Teacher 
Turnover 
     
 
 0.99 (0.98 - 1.00) 
School Type  Public       (ref) 
Private       0.42 (0.18 - 0.96) 
Percentage Truancy        1.02 (1.01 - 1.03) 
Neighborhood Neighborhood Income       1.00 (1.00 - 1.00) 
Psychosocial – 
Substance Abuse 
Alcohol, Smoking and 
Marijuana 
    
2.52 (2.00 - 3.19) 2.27 (1.40 - 3.67) 
 
Alcohol, Smoking or 
Marijuana 
    
1.48 (1.23 - 1.80) 1.52 (1.00 - 2.29) 
 
Used None     (ref) (ref)  
Depressive Symptoms Score     1.01 (1.01 - 1.02) 1.01 (1.00 - 1.02)  
Felt Safe At School Strongly Agree     (ref) (ref)  
Agree     1.43 (1.13 - 1.80) 1.18 (0.79 - 1.76)  
Disagree     2.47 (1.84 - 3.31) 1.67 (0.98 - 2.86)  
Strongly Disagree     2.30 (1.51 - 3.49) 1.93 (0.80 - 4.69)  
Model 1: Adjusted for Demographic variables, Model 2: Adjusted for 2-Parent Household and Demographic Variables, Model 3: Adjusted for Academic Factors, Model 4: Adjusted for GPA, Model 5 




Table 4: Logistic Regression of Youth Limited By And Have Early Onset Of Chronic Health Conditions And Poor Attainment  
(Did Not Complete High School Or Graduate Equivalency Degree By 21 Years Of Age) 














Limited By Chronic Health 
Condition And Early Onset  
Limited And Early Onset 1.74 (1.24 - 2.43) 1.55 (0.90 - 2.67) 1.64 (1.14 - 2.35) 1.48 (0.85 - 2.58) 1.74 (1.08 - 2.79) 1.96 (1.22 - 3.17) 
Either Limited Or Has Early  1.16 (0.86 - 1.56) 0.83 (0.44 - 1.55) 1.08 (0.81 - 1.44) 0.86 (0.48 - 1.55) 0.95 (0.59 - 1.53) 1.01 (0.62 - 1.63) 
Not Limited And Not Early  1.23 (0.76 – 2.00) 0.65 (0.24 – 1.82) 1.07 (0.64 -1.80) 0.90 (0.27 – 2.99) 1.41 (0.82 – 2.42) 1.45 (0.83 – 2.53) 
Does Not Report Condition (ref) (ref) (ref) (ref) (ref) (ref) 
Race/Ethnicity Black and Mixed Race, Non-
Hispanic 1.23 (0.95 - 1.58) .079 (0.52 - 1.21) 1.32 (1.00 - 1.73) 0.90 (0.60 - 1.34) 0.88 (0.61 - 1.27) 0.89 (0.60 - 1.31) 
Hispanic 0.97 (0.73 - 1.28) 0.79 (0.49 - 1.26) 1.04 ( .79 - 1.37) 0.81 (0.51 - 1.30) 0.88 (0.61 - 1.26) 0.92 (0.63 - 1.34) 
Non-Hispanic, Non-Black (ref) (ref) (ref) (ref) (ref) (ref) 
Gender Female 0.74 (0.63 - .086) 0.95 (0.71 - 1.29) 0.69 (0.58 - 0.82) 0.82 (0.57 - 1.16) 0.62 (0.50 - 0.78) 0.61 (0.48 - 0.77) 
Male (ref) (ref) (ref) (ref) (ref) (ref) 
Age  1.00 (1.00 - 1.00) 1.01 (1.00 - 1.02) 1.01 (1.00 - 1.01) 1.02 (1.01 - 1.03) 1.00 (0.99 - 1.01) 1.00 (0.99 - 1.01) 
Family Parent Education Level 0.74 (0.72 - 0.77) 0.88 (0.63 - 1.24) 0.75 (0.72 - 0.78) 0.79 (0.73 - 0.85) 0.77 (0.73 - 0.81) 0.77 (0.72 - 0.81) 
2-Parent Household Yes 0.35 (0.30 - 0.42) 0.52 (0.36 - 0.74) 0.40 (0.34 - 0.49) 0.57 (0.40 - 0.80) 0.31  (0.24 - 0.41) 0.33 (0.24 - 0.43) 
No (ref) (ref) (ref) (ref) (ref) (ref) 
Academic 
Repeat Grade 
Yes  4.96 (3.64 - 6.77)  4.80 (3.49 – 6.62)   
No  (ref)  (ref)   
Grade Point Average   0.31 (0.24 - 0.41)  0.33 (0.25 - 0.44)   
5-Year Teacher Turnover      0.99 (0.98 - 0.99) 0.99 (0.98 - 0.99) 
School Type Public     (ref) (ref) 
Private     0.29 (0.12 - 0.69) 0.31 (0.13 - 0.76) 
Race of School: Percentage 
of Non-Hispanic White 
Greater Than Mean     (ref) (ref) 
Less Than Mean     0.71 (0.54 - 0.94) 0.77 (0.58 – 1.03) 
Percentage Truancy       1.02 (1.01 – 1.03) 
Neighborhood- Income      1.00 (1.00 – 1.00) 1.00 (1.00 – 1.00) 
Psychosocial –  
Substance Abuse 
Alcohol, Smoking And 
Marijuana   2.58 (2.05 – 3.26) 2.29 (1.41 – 3.70)   
Alcohol, Smoking, Or 
Marijuana 
  
1.51 (1.24 – 1.82) 1.54 (1.02 – 2.33)   
Used None   (ref) (ref)   
Depressive Symptoms Score   1.01 (1.01 – 1.02) 1.01 ( . 0 – 1.02)   
Felt Safe  
At School 
Strongly Agree   (ref) (ref)   
Agree   1.43 (1.13 - 1.81) 1.17 (0.78 – 1.74)   
Disagree   2.49 (1.85 - 3.35) 1.66 (0.96 – 2.85)   
Strongly Disagree   2.29 (1.49 – 3.50) 1.89 (0.78 – 4.62)   
Model 1: Adjusted for 2-Parent Household and Demographic Variables, Model 2: Adjusted for Academic Factors, Model 3: Adjusted for Psychosocial Factors, Model 4: Adjusted for Psychosocial and 
Academic Factors, Model 5: Adjusted for Neighborhood/ School Factors, Model 6: Added Percent Truancy  




















































8,849 Participants with Educational 
Attainment Measure (Cumulative from 
Youth Surveys) 
7,134 Participants with 
Onset Measure (1997 and 
2002) 
8,984 Total Sample (1997) 
8,503 Participants with 
Parent’s Education (1997) 
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Youth Surveys) 
7,098 Participants with 
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8,984 Total Sample (1997) 
8,503 Participants with 
Parent’s Education (1997) 
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Background: Youth with chronic health conditions are at risk of lower educational 
attainment compared to youth without chronic health conditions.  Contextual factors, 
such as those of family structure, neighborhood, or school may alter this association.  We 
evaluated whether the family, school or neighborhood m dified the association with 
chronic health conditions and poor educational attainment.     
Methods: The National Longitudinal Survey of Youth – Cohort 1997 was used for this 
study.  Chronic health conditions were identified from surveys in either 1997 or 2002.  
Poor educational attainment was defined as not completing a high school diploma or 
Graduate Equivalency Degree (GED) by 21 years of age.  Regression models with 
interaction terms and subsequent stratification were used to determine the level of 
modification of the contextual factors. 
Results: Twenty two percent of the sample reported having a chronic health condition. 
Among youth who attended a school with higher truancy, the odds of poor educational 
attainment were higher for those participants who had a chronic health condition 
compared to participants who never had a chronic healt  condition, OR: 1.93 (95% CI: 
1.28 – 2.92).  There were similar results for those with a 2-parent household, OR: 1.93 
(95% CI: 1.28 – 2.92).  These associations were not significant for participants without a 
2-parent household and participants that attended a school with a lower truancy.  
Conclusions: The percentage truancy at the school and a 2-parent household modified 




An estimated 32 million children in the United States are afflicted by a chronic health 
condition [1, 2].  Recent longitudinal studies in the United States, including our past 
work, have determined an association between youth with chronic health conditions and 
poor educational attainment, such that the prevalence of not completing high school or 
obtaining a Graduate Equivalency Degree (GED) ranges from 16% to 20% [3-6].  This 
prevalence is greater than the 10% to 12% prevalence for those without a chronic health 
condition [3, 5].  Disease-specific studies from cancer survivor cohorts and childhood 
onset of epilepsy from Britain, Sweden, U.S, Canada and Finland have all found similar 
results [7-12].  
 The educational literature suggests that family, neighborhood and school factors 
influence and potentially modify a student’s performance [13].   Based on this 
information, we implemented a social ecological approach (Figure 1)— one that takes 
into account the impact on the individual from the family, neighborhood and school— to 
identify contextual factors that may modify the association of chronic health conditions 
and poor educational attainment.  A student background’s involves aspects of both the 
individual and their family.  The variables that have been shown to impact educational 
attainment on the individual level include gender, race/ethnicity, family SES, parent’s 
education level, and a 2-parent household.  The community level encompasses both the 
school and neighborhood. School variables include school type, teacher experience and 
student composition.  Neighborhood variables include student’s peers in the 
neighborhood and neighborhood resources.  In Figure 1 w  display our model that places 
each factor that potentially impacts an individual’s educational attainment on the 
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individual or the community level.  Below we explain how the social ecological model 
can be applied to educational attainment among those with chronic health conditions. 
Individual Level: Student’s Background 
 African Americans and Hispanics have lower education l attainment than Whites.     
Data from the Current Population Survey showed that Hispanics have the highest high 
school dropout rate (17.6% in 2009), which is considerably higher than African 
Americans (9.1%) or Whites (8.1%) [14].  There has been a decline in male college 
enrollment, which is partially attributed to a male d cline in high school graduation rates.  
According to the Higher Education General Information Survey, 10 million females had 
enrolled in college compared to 7.6 million males in 2009 [15].  Female enrollment has 
outpaced male enrollment since the late 1970s and the gap keeps getting larger [15].    
Individual Level: Student’s Family Background 
 Family background is the best predictor of a student’s successful school 
performance [16, 17].  More specifically, family soci economic status, measured as 
family income or parental education, has been identfi d as the most influential predictor 
for school achievement [13].  A study showed that children who experienced poverty 
before attending school had worse educational outcomes compared to children who 
experienced poverty while attending school [18].   Other work has indicated that youth 
with single parent or step-families have significantly higher rates of high school dropout 
compared to those from 2-parent households [19, 20].   
Community Level: School 
 A student’s educational achievement and attainment are affected by school 
factors.  Resnick et al found that a feeling of connection to family and school was 
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protective against many poor risk health behaviors among seventh to twelfth graders [21]. 
A meta-analysis conducted by McLaughlin and Drori identified 19 studies that found that 
a caring school climate was associated with higher rades, engagement, attendance, 
expectations and aspirations, a sense of scholastic competence, fewer school suspensions 
and on time progression through grades [22].  Negative spects associated with the school 
climate have been examined and shown to have detrimental results to academic 
achievement.  Teacher and student tardiness, lack of academic challenge, vandalism, drug 
abuse, physical conflicts, verbal abuse of teachers, physical attacks on teachers, teacher 
absenteeism, student absenteeism, cutting class, apathy, robbery or theft, disrespect of 
teachers, alcohol abuse and weapons in school have been associated with poor student 
achievement [23].  Although this has not been studied previously, youth burdened with 
chronic health conditions may be less involved in their school and specific characteristics 
of the school may contribute or deter them from not completing high school.  
 School factors such as school type, teacher experience and student composition 
also affect a student’s educational achievement and attainment.  For instance, the quality 
of a school may prevent s udents from dropping out of high school [13, 24].  One study 
showed that reading scores were significantly higher in private schools compared to 
public schools, after adjusting for individual and school characteristics [25].  A study that 
utilized scores from the National Assessment of Educational Progress (NAEP) 
determined that students had higher NAEP scores in states with a lower teacher turnover 
rate [26].  Higher teacher turnover rates result in a decrease in the number of experienced 
teachers at the school [26].  School demographics also affect achievement [27].  In 
examining achievement differences, Nettles et al found that schools with different racial 
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compositions affected student’s individual achievement scores irrespective of a student’s 
individual race [27].  
Community Level: Neighborhood 
 Neighborhood contexts may compound or partially alleviate the association 
between childhood and adolescent chronic health conditi s and educational attainment. 
They may influence drop out rates for a number of potential reasons [13, 24, 28], 
including a student’s peers in the neighborhood and neighborhood resources.  Peers in the 
community who have already dropped out of school may influence the student to drop 
out [29, 30].  The number of and types of employment opportunities for high school 
dropouts in the community may also impact poor educational attainment [31].  A student 
with a chronic health condition may already be more removed from their educational 
experience and the influence of the neighborhood can contribute or deter him or her from 
ultimately completing high school.   
 Neighborhood factors may also be associated with healt  conditions [32].  For 
example, the number of fast food restaurants in the area or the amount of air pollution in 
the neighborhood may increase the likelihood of chronic health conditions such as 
diabetes and asthma.  A neighborhood’s education and income, health access, rime and 
violence may have an association with health conditions and youth development [31-35].  
In a study using path analysis, researchers found that neighborhood disadvantage was 
associated with adolescent development, youth violence and delinquency [31, 33].  With 
many neighborhood factors influencing chronic health, it is important to consider how 
they may interact and their potential impact on educational attainment.  
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 The objective of this study was to evaluate potential effect modification by the 
family, school and neighborhood in the association of chronic health conditions and 
educational attainment.  Identification of specific fa tors from the school, neighborhood 
and family may contribute to alleviating the association of chronic health condition and 
poor educational attainment. These factors may help increase a student’s chances of 
staying on a successful educational path.  
METHODS 
Study Sample 
This study was a secondary data analysis that employed the National Longitudinal Survey 
of Youth – Cohort 1997 (NLSY’97), a nationally reprsentative cohort of 8,984 youths 
that were 12 to 16 years old on December 31, 1996 [32].  Households were identified 
from 147 primary sampling units in the United States.  These civilian, non-
institutionalized households were screened for eligible participants.  Siblings were also 
included in the study (n=6,819 unique households).  In 1997, parental and youth 
interviews were administered and the youth continued to be interviewed on an annual 
basis through 2009 (13 rounds available).  Additional i formation was obtained from 
special access files at the Bureau of Labor Statistics including a geocoded census tract 
location file and school surveys.    
 Exposure – The parent survey in 1997 included a question about if the participant 
ever had a chronic health condition.  The participant in 2002 was asked if he or she were 
ever diagnosed with a chronic health condition.  Both the participant and parent were 
asked to identify the type of chronic health condition.  Responses in the 1997 parent 
survey included asthma, heart condition, anemia, diabetes, cancer, epilepsy, and other 
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(specify).  Infectious diseases, Human Immunodeficin y Virus (HIV)/Acquired 
Immunodeficiency Syndrome (AIDS), kidney, allergies, other sexually transmitted 
diseases or other were included in “Other.”  Respones in the 2002 youth survey included 
asthma, cardiovascular or heart condition, anemia, diabetes, cancer, epilepsy, HIV/AIDS, 
Sexually transmitted disease other than HIV/AIDS and other (specify).   
 If the parent or participant did not report a chronic health condition during these 
times, the participant was classified as “Never had a chronic health condition.”  The 
reported presence or absence of a chronic health condition was used to determine family, 
school and neighborhood interactions.   
 A consensus definition of childhood chronic health conditions was developed for 
large, epidemiological studies [36].  The criteria were based on the following factors or 
conditions: 1) whether the health condition is not curable and 2) whether it has lasted 
longer than three months, will last longer than three months or has occurred at least three 
times or more during the past year and will likely recur again.  Based on these guidelines, 
youth who reported anemia, infectious diseases, sexually transmitted diseases other than 
HIV/AIDS and allergies were not considered to have chronic health conditions.  Using 
these criteria and the type of chronic health conditions reported, we categorized our 
chronic health measure to perform supplementary stratification analyses.   
 Chronic health conditions were categorized as: 1) Asthma, 2) Cancer, Diabetes or 
Epilepsy, 3) Heart conditions, 4) Other chronic health conditions and 5) Never had a 
chronic health condition.  Maslow et al showed thatstudents with asthma had better 
educational outcomes compared to those with non-asthmatic chronic health conditions, 
defined in his study as diabetes, cancer, or epilepsy [3].  Based on these findings, asthma 
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and diabetes, cancer or epilepsy had separate categories.   Cancer, diabetes, and epilepsy 
were also classified together based on sample size restraints.  There were other chronic 
health conditions available in our dataset that we wanted to explore.  Among the other 
chronic health conditions reported, heart or cardiovascular conditions had the largest 
sample size.  Consequently, “Heart conditions” was a separate category.  The other 
chronic health conditions were added together due to size constraints.        
 Outcome – Educational attainment was operationalized by whether the participant 
completed a high school diploma or obtained a GED by 21 years of age.  The participant 
was asked when or if they had graduated high school or btained a GED during each 
survey period. 
 Potential Confounders and Effect Modifiers – A series of variables were first 
assessed from the student’s background as well as neighborhood and school levels.  The 
hypothesized interactions were chosen from the student’s background, neighborhood and 
school level. 
Individual Level: Student’s Background 
The following individual level variables from the student’s background were adjusted for 
in the analysis: 1) age of the participant, 2) gender of the participant, 3) race/ethnicity of 
the participant.  Each of these variables was colleted in the baseline year (1997).  These 
variables were considered confounders for this associati n based on previous literature 
and past work [3, 5].  Categories for race/ethnicity included 1) Black – Non-Hispanic, 2) 
Hispanic 3) Mixed Race – Non-Hispanic and 4) Non-Hispanic and Non-Black.  Survey 
staff designed this variable, which integrated the 1997 race and ethnicity survey 
questions, household population oversampling information and biological parent’s 
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race/ethnicity.  This method allowed each participant to be classified into one of these 
categories.  Those in the Non-Hispanic and Non-Black category were mostly White but 
also included every other racial/ethnic category that was neither Hispanic nor Black (94% 
White).  There were very few participants classified as Mixed Race – Non-Hispanic (1% 
of the sample).  This category was subsequently added to the Black – Non-Hispanic 
category.  
Individual Level: Student’s Family Background 
 Parent’s education was assessed by the highest grade that either biologica  parent 
completed regardless of if the participant lived with that parent in 1997.  This variable 
was assessed continuously on a 0 to 20 scale ranging from none (0) to eight years of 
college or more (20).  A 2-parent household was assessed by whether the participant had 
both biological parents in the home in 1997.  Each of these variables was collected in the 
baseline year (1997).  Interactions with chronic health conditions were evaluated. 
Community Level: Neighborhood  
Neighborhood socioeconomic status was obtained fromdata stored at the Bureau of 
Labor Statistics in Washington, DC.  This dataset provided census tract information from 
the participant’s residence in 1997.  Census 2000 information was merged to the 
participant’s residential information using SAS.  The median household income in 1999 
was used to define the participant’s neighborhood income.  
Community Level: School 
The National Opinion Research Center (NORC) developed school surveys that were sent 
to the principal of all schools that had a 12th grade within the 147 National Longitudinal 
Survey of Youth - 1997 primary sampling units in 1996.  The eligible schools were 
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obtained from a commercial database.  All schools attended by the participant were sent 
follow-up surveys in 2000.  When one variable from the school was missing from 1996, 
the 2000 survey was used.  The term ‘school’ was operationalized as the school attended 
by the participant in 1997.  If all information for the school was missing, the next school 
the student attended was used.  The following variables were used in our models: (1) 5-
year teacher turnover, (2) percentage of Non-Hispanic White students and (3) percentage 
truancy.  5- year teacher turnover was calculated by the number of teachers who taught 
five years ago divided by the total number of teachers at the school.  The percentage of 
Non-Hispanic White students was used to determine the racial and ethnic composition of 
the participant’s school.  The percentage truancy at the school assessed the school 
environment.  
Analysis 
Descriptive statistics of the sample’s family, school and neighborhood were compared 
across participants’ educational attainment and chronic health condition status by 
bivariate analyses using chi-square and t-tests.  Multivariate logistic regression was used 
to examine the association between chronic health conditions and not completing high 
school or a GED by 21 years of age while controlling for confounders.  Interaction was 
examined by the addition of terms in the model.   
 We evaluated a series of factors from the family, school and neighborhood as well 
as interactions with a backwards elimination.  This method to determine interactions is 
outlined by Jaccard and Turrisi [37].  Based on interaction terms identified, stratified 
analyses were conducted.  For continuous variables, higher or lower group levels were 
created based on the sample mean and distribution in rder to conduct stratification.  The 
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mean was used to give each modification category a similar sample size.   Lower truancy 
was considered those schools that reported truancy equal to or below the mean (less than 
or equal to 3.93%).  Higher truancy was assessed as above the mean reported percentage.  
The final models had odds ratios for chronic health conditions and educational attainment 
based on each modification level.  We only used complete cases for each analysis.  The 
sample started with 8,984 participants and was reduc  by to 8,849 by the participants 
who did not have an educational attainment measure.  Th  number of participants who 
did not have a chronic health measure or a parent’s ducation value trimmed the number 
to n= 6,795.  When school and neighborhood factors were added the final analytic sample 
was n=3,516 (Figure 2).  There were many missing values for the school (n=3760).  
Based on the exposure and confounders, it was shown that missing values from the 
school were similar to the analytic sample.  However, the missing values for the age of 
the participant, race/ethnicity composition and parent’s education level were statistically 
significantly different.  The analytic sample was older by close to 14 months, 3.6 percent 
more Non-Hispanic, Non-Black and the youth’s parents had completed half a grade more 
compared to missing school and neighborhood participants.  A stratified analysis with 
categorized chronic health conditions was also conducted.  Using proc surveylogistic in 
SAS 9.1 (SAS Institute, Cary, NC), many models were fit for the association of chronic 
health conditions and poor educational attainment.  We controlled for the complex survey 







Family, neighborhood and school sample characteristics, as well as bivariate analyses 
across chronic health condition status and education l attainment, are presented in Table 
1. Twenty two percent of the sample reported having a chronic health condition and 
eighty five percent reported completing a high school diploma or GED by 21 years of 
age.  Among youth who did not complete a GED or high school diploma by age 21, fifty 
five percent were male (data not shown).   
 As shown in Table 1, the average neighborhood median income for youth who 
received a high school degree or GED was $46,022 and the average neighborhood 
median income for youth who did not receive a high sc ool degree or GED was $39,178 
(t-test: p<0.01). The mean reported percentage truancy in schools was 4%.  Among 
students who did not complete a high school diploma r  GED by 21 years old, the mean 
percentage school truancy was 5%.  For youth who rep rt d a chronic health condition, 
the school mean percentage truancy was 4.5%.  Among participants who did not report a 
chronic health condition, 46% did not live in a 2-parent household.  Among youth who 
had a chronic health condition, 50% did not live in a 2-parent household.   
 Two effect modifiers were identified with chronic health conditions: percentage 
truancy (p=0.04) and 2-parent household (p<0.01).   Stratified analyses of percentage 
truancy are presented in Table 2 and stratified analyses of a 2-parent household are 
shown in Table 3. 
 Among participants who attended schools with a higher truancy, youth who had a 
chronic health condition had higher odds of poor educational attainment, OR: 1.93 (95% 
CI: 1.28 – 2.92) compared to youth who did not repot a chronic health condition (Table 
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2).  Among participants who attended a school with a lower truancy, the odds of poor 
educational attainment was not significantly different for youth who had a chronic health 
condition compared to youth who did not report a chronic health condition, OR: 1.11 
(95% CI: 0.76 – 1.63) (Table 2).  This association was specific for youth with asthma, 
1.95 (1.21 – 3.16) and nearly for cancer, diabetes, or epilepsy, 3.57 (OR: 95% CI: 0.98 – 
13.05) compared to youth that did not report a chronic condition (Table 2).  
 We stratified by whether the participant had a 2-parent household (Table 3).  
Among participants with a 2-parent household, youth who reported having a chronic 
health condition had higher odds of poor educational att inment compared to youth who 
never reported a chronic health condition, OR: 2.86 (95% CI: 1.83 – 4.48).  If the family 
was not a 2-parent household, the association between chronic health conditions and poor 
educational attainment was not significant, OR: 1.05 (95% CI: 0.77 - 1.44).  We also 
conducted a siblings fixed effect model (not reported) and the stratified odds ratios were 
similar to those reported.  Siblings fixed effect models effectively remove within-family 
variation and only display between-family variation in the analysis models.  
DISCUSSION 
Overall, two effect modifiers were found for the association of chronic health conditions 
and educational attainment: the percentage truancy in the school, and a 2-parent 
household.  Neighborhood level variables were not effect modifiers.  
 After stratification, only youth who reported a chronic health condition and 
attended a school with higher truancy had significantly higher odds of poor educational 
attainment.  These associations were robust for cancer, diabetes, or epilepsy and youth 
with asthma.  According to our social ecological model, these findings demonstrate that 
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the school is influential for a person with chronic health conditions’ educational 
attainment adjusting for confounders. 
   Rumberger developed a framework for studying a student’s performance.  He 
suggested that students who drop out of high school are involved in a cumulative 
disengagement process [13].   His framework concludes that the school, neighborhood 
and family factors affect a student’s school engagement, and engagement is critical for 
achievement and educational attainment [13].  There is evidence that certain school 
policies and processes may lead to poor school engag ment and contribute to voluntary 
withdrawal from school [13], although this has not previously been studied among youth 
with chronic health conditions.  Schools with lower truancy may have more effective 
school policies and processes that indirectly alleviat  stressors associated with chronic 
health conditions that otherwise contribute to poor school engagement and lead to 
withdrawal from school.  Although we controlled for family and individual variables in 
our models, youth who attended these different schools likely have different families and 
individual characteristics that may still affect this association.  We adjusted for 
socioeconomic status from the individual and the school at baseline.  However, the 
cumulative effect of poverty is important to our study’s results.  For example, the school 
the participant attends is partially due to both past and present financial considerations.  
These results may also be a reflection of peer influe ces at the school.  If fellow students 
are already less engaged in the school it might be easier for the youth burdened by a 
chronic health condition to become less engaged and with raw from school.     
 School policies such as intensive academic recovery options and emotional 
support services which might exist in schools merit fu ther study.  Examination of other 
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specific policies such as homebound instruction and how these practices maintain a 
student’s academic standing could be important as well.  Overall, future studies that 
examine a child’s health and their attainment may consider effect modification by the 
school environment.   
 Percentage truancy was also associated with type of sch ol attended; public 
schools had higher truancy compared to private schools (not reported).  This may reflect 
an inequality in school resources.  These resources may include school programs, 
opportunities and support that may help modify the association.  A more rigorous 
academic environment with fewer general track and remedial courses has been shown to 
lead to fewer dropouts and a higher number of students completing high school [12].  It 
should be noted that school ACT/SAT scores and class size were not significant 
predictors of an individual’s poor educational attainment and were not included in our 
final model (not reported).         
 The 2-parent household was also identified as an effect modifier.  The odds of 
those with chronic health conditions and poor education l attainment were significantly 
elevated only among youth with a 2-parent household.  These results were not expected. 
We examined the youth who did not report a chronic health condition and among these 
participants those without a 2-parent household had more than twice the non-completion 
rate compared to those who had a 2-parent household.  This large difference in the 
comparison groups’ graduation rates may be largely responsible for the interaction seen 
with chronic health conditions.  
 In our prior work, students with a 2-parent household had significantly more 
educated parents, higher high school grade point averages, higher cognitive scores, fewer 
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depressive symptoms, and fewer school absences than youth students that did not have a 
2-parent household [5].  Past work has shown each of these academic and psychosocial 
factors are important attenuators for the associatin of chronic health conditions and poor 
educational attainment [5, 38].  In the introduction we suggested that poverty and 
socioeconomic status were very important for academic performance.  There may be 
significant differences in terms of early childhood and cumulative poverty between youth 
with a 2-parent household compared to youth without a 2-parent household.  These 
differences could create a large disparity for academic achievement as well as educational 
attainment.      
 Neighborhood level factors did not significantly modify the association with 
chronic health conditions and poor educational attainment.  Crane concluded there may 
be a tipping point in the neighborhood that yields higher dropout rates [28].  In his 
contagion model when a critical point in incidence is reached, the social behavior spreads 
like an epidemic.  For instance, gang violence willspread and increase to a much higher 
incidence level when a critical threshold in the neighborhood is reached.  Although 
research has been mixed regarding a neighborhood tipping point, future studies may 
examine this and the effects on the association of chronic health conditions and poor 
educational attainment.  
 Limitations of the study included that self-reported, parent-reported and principal-
reported surveys are subject to measurement error.  We assessed chronic health 
conditions by using both the 1997 parent questionnaire and 2002 youth questionnaire.  
These asked slightly different questions.  The survey in 1997 asked the parent if the 
participant ever had a chronic health condition andthe 2002 survey asked if a condition 
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was ever diagnosed.  A self-reported diagnosis requir s the participant to see a physician.  
Health access may be limited for more disadvantaged participants.  Consequently, this 
question may not accurately capture everybody with these chronic health conditions.  A 
doctor’s diagnosis may be based on different criteria and misdiagnosis is possible as well.  
For example, doctors may choose not to diagnose a patient with asthma because of the 
stigma associated with the condition.  There were rspondents that specified other 
chronic health conditions that were not directly asked about in either the 1997 or 2002 
survey (e.g. infectious diseases, Human Immunodeficiency Virus (HIV)/Acquired 
Immunodeficiency Syndrome (AIDS), kidney, allergies, other sexually transmitted 
diseases).  We do not know whether we have captured ev ryone with these specific 
conditions.   
 Another limitation was our sample size for evaluating effect modification.  The 
school surveys had many missing values.  This restricted our ability to test for 
interactions and affected the ensuing stratification.  Participants started the cohort at 
many different grades, which may have affected school level results.  In our disease 
specific analysis, cancer, diabetes, or epilepsy needed to be grouped together similar to 
the work of Maslow et al because of sample size constraints [3].  This study lacked a 
severity measure for the chronic health conditions reported.  This may affect the 
associations identified.  Strengths of the study included that this is a nationally 
representative cohort with many school, and neighborhood measures.  Moreover, we 
utilized a dataset with a unique combination of healt  nd education variables that 
allowed this association to be examined.     
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 Chronic health conditions affect students who strive for academic success.  This 
study determined interactions that demonstrate that contextual factors are important when 
a student is afflicted by a chronic health condition. These factors can make youth with a 
chronic health condition more likely to thrive.  The neighborhood appears to be less 
important than the school environment in terms of its influence on the relationship of 
chronic health conditions and educational attainment.  Chronic health conditions are on 
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Community – School: 5-Year Teacher Turnover, Percentage of Non-Hispanic White 
Students, Percentage Truancy  












    























































8,849 Participants with Educational 
Attainment Measure (Cumulative – Youth 
Surveys) 
7,196 Participants with 
Chronic Health Measure 
(1997 and 2002) 
8,984 Total Sample (1997) 
8,503 Participants with 
Parent’s Education (1997) 
6,795 Participants Remaining 
School and Neighborhood Factors 
Added (1997 Neighborhood, 1996 and 2000 
School Surveys) 
 




Table 1: School and Neighborhood Characteristics Of The National Longitudinal Survey Of Youth By Gradution Rate and Chronic 
Health Condition  
  Overall n=8984 
%1 /Mean (SE2) 
Completed A 
HSD3 Or GED4 
n=7286 
No HSD Or GED 
 n=1563 
p-value No Chronic 
Condition 
n=5638 





Total 100 84.55% 15.45% 7p<0.01 77.83% 22.17% 7p<0.01 
Census Tract 
Neighborhood  
       
Income (n=8959) $44,894 ($1.287) $46,022 ($1,386) $39,178 ($845) 8p<0.01 $44,608 ($1,208) $44,956 ($1,609) 8p=0.64 
School        
%1 of NH6 Whites  
(n=5224) 
70.05% (2.31%) 71.45% (2.45%) 60.13% (2.04%) 8p<0.01 70.73% (2.23%) 71.29% (2.54%) 8p=0.56 
5-year Teacher 
Turnover   
(n= 5106) 
83.10% (0.59%) 83.35% (0.60%) 81.25% (0.91%)  8p=0.01 83.01% (0.67%) 83.57% (0.90%) 8p=0.44 
%1 Truancy 
(n=4847) 
3.96% (0.30%) 3.78% (0.33%) 4.98% (0.33%) 8p=0.01 3.83% (0.26%) 4.51% (0.78%) 8p=0.04 
Family         
Parent’s Education 
(n=8984) 
13.58 (0.09) 13.88 (0.09) 12.00 (0.10) 8p<0.01 13.70 (0.09) 13.73 (0.12) 8p=0.80 
2-Parent Household 
(n=8984) 
       
                     Yes    52.94% (1.06) 56.65% (1.05) 34.55% (1.57) 7p<0.01 54.38% (1.08) 50.21% (1.80) 7p<0.01 
                      No    47.06% (1.06) 43.35% (1.05) 65.45% (1.57) 45.62% (1.08) 49.79% (1.80) 
1 %: Percentage 2 SE: Standard Error 3 HSD: High School Diploma 4 GED: Graduate Equivalency Degree 5 n: Observations 6 NH: Non-Hispanic 






Table 2: Stratification of Truancy for Ever Having a Chronic Health Condition and Chronic Health Condition Categories Adjusting for 
Demographic, School and Neighborhood Variables* 
 
Lower Truancy (Less Than or equal to 3.93%) 
OR1 (95% CI)2 
n=2244 
Higher Truancy (Greater Than 3.93%) 





Ever Had A 
Chronic Health 




Ever Had A Chronic 
Health Condition 
1.93 (1.28 – 2.92) 
Never Reported 
A Chronic Health 
Condition (ref) 







Asthma 1.20 (0.74 – 1.94) Chronic 
Health 
Condition 








3.57 (0.98 – 13.05) 
Heart Condition  0.24 (0.03 – 1.67) Heart Condition 1.16 (0.30 – 4.46) 
Other 1.99 (0.65 – 6.06) Other 0.60 (0.10 – 3.50) 
Never Reported A 
Chronic Health 
Condition (ref) 
Never Reported A 
Chronic Health 
Condition (ref) 
*Adjusting For Parent’s Education, Race/Ethnicity, Gender, Age, 2-Parent Household, Percentage of Non-Hispanic Whites, 5-Year 
Teacher Turnover, and Neighborhood Income 
 







Table 3: Stratification of 2-Parent Household for Ever Having a Chronic Health Condition and Chronic Health Condition Categories 
Adjusting for Demographic, Neighborhood and School Variables* 
 
Not a 2-Parent Household 










Ever Had A 
Chronic Health 




Ever Had A Chronic 
Health Condition 
2.86  (1.83 – 4.46) 
Never Reported 
A Chronic Health 
Condition (ref) 



















4.61 (1.20 – 17.80) 
Heart Conditions 0.43 (0.09 – 1.93) Heart Conditions 1.29 (0.15 – 11.09) 
Other 0.68 (0.21 – 2.14) Other 4.11 (1.32 – 12.76) 
Never Reported 
A Chronic Health 
Condition (ref) 
Never Reported A 
Chronic Health 
Condition (ref) 
*Adjusting For Parent’s Education, Race/Ethnicity, Gender, Age, Percentage of Non-Hispanic Whites At the School, 5-Year Teacher 
Turnover, Percentage Truancy and Neighborhood Income 
 






Chapter 6:  Conclusions  
 
6.1 Key Findings and Discussion 
 
 There was an association between youth that ever rported a chronic health 
condition and poor educational attainment.  Youth who ever reported having cancer, 
diabetes and epilepsy had the highest odds of poor secondary school completion 
compared to youth who did not report a chronic healt  condition.  Youth with asthma 
also had elevated odds of poor high school completion compared to youth who did not 
report a chronic health condition.  These findings were consistent with previous literature 
in the US.8,20  Youth with heart or cardiovascular conditions had no significant 
association with poor educational attainment compared to youth without chronic health 
conditions.   
Onset of and Those Limited by Chronic Health Conditions 
 When the association of chronic health conditions a d educational attainment was 
established, we then examined potentially high-risk groups that involved youth limited by 
a chronic health condition, early onset of a chronic health condition and youth limited 
and had early onset of chronic health conditions.  Youth with early onset of chronic 
health conditions, youth limited by chronic health conditions and youth limited and had 
early onset of chronic health conditions all had associations with poor educational 
attainment.  Each group had significantly higher odds of poor secondary school 
completion compared to those that did not report a chronic health condition (OR: 1.70 
(95% CI: 1.27 - 2.28), OR: 1.61 (95% CI: 1.28 - 2.01) and OR: 1.74 (95%: 1.24 - 2.43), 
respectively).  Each group also had higher overall odds ratios compared to ever reporting 
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a chronic health condition (OR: 1.70, OR: 1.61, OR: 1.74 vs. OR: 1.47 (95% CI: 1.22 - 
1.76)).    
 Youth who reported early onset of their chronic health condition (12 years or 
younger) had higher odds of poor educational attainment compared to youth who 
reported not having a chronic health condition.  We also found that youth with later onset 
of their chronic health condition (13 and older) had higher odds of poor educational 
attainment compared to youth who report not having a chronic health condition, OR 1.42 
(95% CI: 1.00 – 2.02).  However this association was no longer significant when the 2-
parent household variable was added, OR: 1.35 (95% CI: 0.94 - 1.94).   Early onset of a 
chronic health condition had higher odds ratios compared to youth with later onset of a 
chronic health condition (OR: 1.61 vs. OR: 1.35). 
 These findings were consistent with previous studies.  A study by Maslow in 2012 
recently found youth with younger onset of chronic health conditions (less then 18 years 
of age) had worse educational outcomes then youth who had adult onset (18 and older).20  
Our study used a younger adolescent population compared to Maslow’s study that used a 
sample of 18 to 28 year olds.20  Those with asthma were excluded from their study 
whereas our study included participants with asthma.20  Overall, our findings were similar 
to previous literature but it also identified youth that have early onset (12 years or 
younger) of a chronic health condition as a high-risk group that are critical for prior 
associations with chronic health conditions and poor educational attainment identified in 
the literature.  
 Youth who reported that they were currently limited by their chronic health 
condition had higher odds of poor educational attainment compared to youth who 
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reported not having a chronic health condition.  Compared to youth with early onset of a 
chronic health conditions, those youth limited by their condition had the higher odds 
ratios or poor educational attainment.  This suggests that youth that are currently limited 
by a chronic health condition is the best chronic health measure for poor educational 
attainment.  Among individuals who were limited by a chronic health condition, 74% 
were youth that reported ever having asthma.   As previously discussed in paper 2, mild 
conditions such as mild asthma may obscure the effect on poor educational outcomes.  
Our findings suggest that youth limited by asthma was an important parameter to 
implement when identifying those at risk for poor educational attainment.  Some studies 
do not include asthma entirely.  Those currently limited by asthma may be the best 
inclusion criteria for studies. 
Effects of Academic and Psychosocial Factors 
 Academic and psychosocial variables reduced the association between chronic 
health conditions and poor educational attainment.  This was related to Haas’ findings 
that showed the association of self-reported health and educational attainment was 
attenuated by academic and psychosocial factors.27  More specifically, our study showed 
that academic variables significantly reduced the association for youth with cancer, 
diabetes or epilepsy and poor educational attainment but not for asthma.  It was 
unexpected that youth that reported asthma were seemingly unaffected by these variables.  
Of all the psychosocial variables, depressive sympto s reduced the association with poor 
educational attainment the most for both youth with asthma and for youth with cancer, 
diabetes and epilepsy.  It appears there is a cascade of events that occur when a 
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participant has a chronic health condition that send  them on the path to poor educational 
attainment.      
 It was shown that academic and psychosocial variables attenuated the associations 
of youth limited by a chronic health condition as well as early onset of a chronic health 
condition and poor educational attainment.  These high-risk groups may benefit from 
prevention strategies involving academic and psychosocial factors if feasible.  Different 
academic factors distinctly influenced each measure’  association with poor educational 
attainment.  For example, youth participants that repeated a grade did not attenuate the 
association with early onset of the chronic health condition and poor educational 
attainment.  Grade point average and other academic variables however did significantly 
reduce this association.  This contrasted with youth limited by a chronic health condition 
where the variable repeated a grade was the only academic variable that attenuated the 
association with those youth limited by a chronic health condition and poor educational 
attainment.  Our results suggest that youth with early onset of chronic health conditions 
were more influenced by grade point average compared to grade repetition while youth 
limited by a chronic health condition was more influenced by grade repetition compared 
to grade point average.  
Mediation Analysis 
 Mediation analyses on the association of specific hronic health conditions and 
poor educational attainment revealed that the variables, repeated a grade, school absences 
as well as depressive symptoms were separately considered full mediators for youth who 
ever had cancer, diabetes or epilepsy and poor educational attainment.  These findings 
may help parents and teachers that have children with cancer, diabetes or epilepsy 
 
 
become aware of the factors that lead to poor educational atta
academic plan designed to avoid grade repetition and high number of absences from 
school may be important.  
 Literature shows that 
correlated.85,86  Students that have many absences fro
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 Depressive symptoms score mediated the relationship for youth who ever had 
cancer, diabetes or epilepsy.   For youth who had asthma, the addition of the variable 
depressive symptoms score also reduced the association wi h poor educational 
attainment.  This suggests that parents of youth wicancer, diabetes, epilepsy or asthma 
should be aware of depression complications, and potentially collaborate with their 
teachers and school to assure more immediate factors are alleviated which can foster a 
more positive environment (not bullied, feeling safer at school) and promote a better 
quality of life.   
 These results suggested that depressive symptoms score were a very important 
psychosocial factor involved in a participant’s chronic health condition.  It has been 
suggested that depression and depressive symptoms are a major complication of chronic 
health conditions.87,88,89  A potential mechanism for students with cancer, diabetes, or 
epilepsy can be seen where the academic factors (absenteeism or grade repetition) from 
the chronic health conditions may lead to a higher depressive symptoms score and then 
affect poor educational attainment.   Depressive symptoms score becomes critical 
because it may not be possible to keep the youth afflicted with these chronic health 
conditions from missing school or repeating a grade.  As we have concluded in paper 1, 
treatment of depressive symptoms for youth with chronic health conditions must be a 
clinical priority and physicians need to be aware of the risk of poor educational 
attainment for youth with chronic health conditions.  
School and Neighborhood Factors 
 School and neighborhood variables did not affect the association with chronic 
health conditions and educational attainment.  However, school-level factors, particularly 
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school characteristics, appeared to be important in the association of early onset of a 
chronic health condition (12 years and younger) and educational attainment.  This 
suggests that parents with an early onset of chronic health conditions might consider the 
characteristics of the school to potentially improve the educational outcomes for their 
child with chronic health conditions.  However, further research needs to be conducted on 
specific programs and policies such as homebound instruction, academic credit recovery 
and counseling services.   Other aspects such as health management programs may also 
be critical for students.  School nurses may help students with chronic health conditions 
better manage their conditions and allow them to stay more focused and engaged in 
achieving educational goals and is a prospective future direction of research.90  There is a 
Healthy Person 2020 objective to increase the number of school nurses in schools by a 
proportion of 750 students to 1 nurse.90  The American Academy of Pediatrics 
recommends that parents meet with the child’s school and develop a plan to address their 
needs.91   
 The neighborhood factors on the county or census tract level did not affect any of 
the associations with chronic health conditions and educational attainment.  The school, 
family and individual appeared to be more important compared to the neighborhood.  
However this needs to be further studied.  The neighborhood may not properly be 
represented.  The neighborhood defined on the census block level or participants’ own 
interpretation of the neighborhood parameters may better characterize the neighborhood.   






  When testing for effect modification of family, neighborhood and school factors, 
two effect modifiers were found: percentage truancy at the school (p=0.04), and a 2-
parent household (p<0.01).  Among participants that attended a school with higher 
truancy, those youth that reported a chronic health condition had significantly higher 
odds of poor educational attainment compared to youth that did not report a chronic 
health condition.  Among participants that attended a school with lower truancy, youth 
that had chronic health conditions did not have significantly higher odds of poor 
educational attainment compared to youth that did not ever report a chronic health 
condition.  This may suggest that schools with lower truancy have more effective policies 
that indirectly alleviate stressors associated withchronic health conditions.   
 Applying Rumberger’s cumulative disengagement framework, these stressors 
may otherwise lead to disengagement and withdrawal from school.  Our results suggest 
that a student with a chronic health condition’s educational attainment may be influenced 
by peer engagement in school.  Peers who are less engag d in school may influence a 
youth afflicted with a chronic health condition to withdraw from school.  Specific 
programs and policies need to further studied.  
 We also found that there was effect modification with the 2-parent household and 
those that ever had a chronic health condition.  Among participants that lived in a 2-
parent household, youth that reported a chronic health condition had significantly higher 
odds of poor educational attainment compared to those that never reported a chronic 
health condition.   Among participants that did notlive in a 2-parent household, youth 
that reported a chronic health condition did not have significantly higher odds of poor 
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educational attainment compared to those that never r ported a chronic health condition.  
As concluded in paper 3, these results were not expected.  In prior analysis, we have 
showed that the 2-parent household was protective against poor educational attainment 
outcomes.  This effect modification may be a reflection of the disparate comparison 
groups among the different strata.  
Poverty Context 
 This study implemented the variables, parent’s education and race/ethnicity to 
control for confounding by socioeconomic status.  In our school and neighborhood 
analyses we also adjusted for school composition by race/ethnicity and neighborhood 
income.  These variables are generally stable over l ng term periods.  Although we adjust 
for these variables at baseline in 1997, some of these youth have already been exposed to 
poverty and poor socioeconomic status prior to beginning the study.  We presented 
findings in Chapter 1 from the past literature that showed children who were poor before 
attending school had worse educational attainment compared to children who were poor 
after they started attending school. We are not able to control for this early poverty in our 
study.  Children that enter this cohort who have experienced poverty may also be more 
likely to have chronic health conditions from poor h using conditions, diet and 
environment.   
 These concepts are critical because they demonstrate the influences of cumulative 
poverty on individuals.  Early life poverty and socioeconomic status is a strong predictor 
of poor educational attainment.  In addition, this poverty may lead to chronic health 
conditions in adolescence.  When adjusting for the youth’s more current, baseline 
socioeconomic status, our results showed that therew  elevated odds of poor 
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educational attainment among youth who reported a chronic health condition.   Poor 
educational attainment is likely to lead to more poverty, health and social consequences.  
This can be a vicious cycle of poor health and poverty for many generations.  
 Understanding our results within the context of cumulative poverty is essential.  It 
is possible that families may be more burdened financially by early onset of a chronic 
health condition compared to later onset of chronic health conditions.  If these families 
are already having trouble financially, early onset of a chronic health condition could 
compound the poor educational attainment issues.   
 Treatment of chronic health conditions may be affected by financial 
considerations.  This may lead to more limiting chronic health conditions.  Early poverty 
combined with a chronic health condition may make it more likely to have poorly treated 
chronic health conditions and therefore more likely to have poor educational attainment.   
 In the third manuscript there may be poverty effects that are not captured in our 
analysis.  Youth that are in a higher truancy category versus lower truancy category may 
have had differences in terms of cumulative poverty, which we could not control in our 
analysis.  This is similar for the effects of having a 2-parent household versus not having 
a 2-parent household.  
Hypothesized Variables 
 Overall, we found that class size was not associated with a participant’s 
educational attainment, which was unexpected.  We included this variable as a principal 
variable but it was not included in the final analyses.  However, class size during one 
particular year (1997) does not capture class size for a student’s entire schooling 
experience.  We found that percentage truancy was an important variable throughout 
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manuscript 1, 2 and 3.  Teachers with advanced degrees were added to the final analyses 
in manuscript 1 and 2 as well.  These variables were considered tier 3 variables initially. 
 Neighborhood variables such as neighborhood education nd neighborhood 
income were added in the analyses.  This was consiste t with our initial hypotheses 
where we placed both in our principal variables.  The race/ethnicity of the neighborhood 
was hypothesized to be more important compared to the race/ethnicity of the school.  
However this was not the case as the race/ethnicity of the school was added in our final 
models and race/ethnicity of the neighborhood was not added into the final analyses.    
6.2 Limitations and Strengths 
 This study was a secondary analysis of a nationally representative cohort.  Cohort 
studies are subject to loss to follow up and this study had subjects who could not be 
followed.  This study used multiple measures, which came from many different observers 
(parent-reported, youth-reported, principal-reported) and subject to measurement error.  
Our exposures and outcome measurement was based on r ported measures, which is also 
a limitation.  For example, age at onset of chronic health conditions was based on when 
the condition was first noticed or diagnosed which might vary substantially.  Self-
reported academic and psychosocial variables such as substance abuse and number of 
absences from school were particularly sensitive questions, which may be subject to 
improper reporting. 
   Both the 1997 parent survey and the 2002 youth srvey were used to assess 
whether a participant had a chronic health condition, type and onset of the chronic health 
condition and youth limited by a chronic health condition.  These surveys were different.  
The 1997 survey asked parents to report whether the participant ever had a chronic health 
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condition and the 2002 youth survey asked participants to report whether the ever had a 
diagnosis of chronic health conditions.  These differences in the surveys were a limitation 
because we are obtaining slightly different participants in each survey year. 
 The self-reported chronic health condition measure from the parent survey has 
limitations.  Parents that are more aware and involved in the youth’s health care are more 
likely to respond that their child has a chronic health condition.  This is also the case for 
parents who are more health knowledgeable.    
 A doctor’s diagnosis of a chronic health condition requires that the participant has 
had medical care.  Health care access is unavailable to some participants and 
consequently this variable may not capture every paticipant with a chronic health 
condition.  This type of diagnosis may be based on ifferent criteria and misdiagnosis is 
also a possibility.  A physician may avoid a specific diagnosis such as asthma in order to 
avoid the stigma associated with the diagnosis.  Ultimately, the self-reported diagnosis 
was subject to measurement error and therefore was a limitation.  An objective medical 
diagnosis would have been a better measure.    
 Other limitations of this research included the participant’s neighborhood that was 
defined at first the surrounding county and then the census tract.  These are both large 
areas and may not have properly represented the partici nt’s neighborhood.  Participants 
also reported different types of chronic health condition that were not asked in the 1997 
parent survey and 2002 youth survey.  We are not sure whether we have captured all 
participants with these chronic health conditions.  Participants started the cohort at many 
different grades, which may have affected school-level results.   There was no 
examination of mental chronic health conditions.  Variables in which we used the mean 
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to delineate categories may have different cutoff pints when other datasets are 
implemented.  We combined both completion of a high sc ool diploma or GED in our 
outcome measure but each could represent unique educational pathways.    
 Strengths of this study included the cohort study design.  The cohort design 
allowed for temporality where the exposure was measured before the outcome.  Our 
study used data from the National Longitudinal Survey of Youth – Cohort 1997, which is 
nationally representative and has a complex survey design. This allowed us to make 
estimates for the entire United States population.  Overall, this study had 83% retention 
over 13 years of data collection (2009).  Subjects in our study on average were followed 
through Round 10 (10 years).  Youth were followed while they were achieving and 
potentially completing a high school diploma or GED.  This gave us important 
information for these associations as they were occurring.  The study also incorporated 
multiple surveys with different observers (parents, youth and principal).   Objective 
measures such as transcript information, a cognitive examination, a depression inventory 
and location information were also implemented in our study and allowed us to better 
examine key mechanisms in these associations.  We also incorporated a multi-level 
approach (individual, family, school and neighborhood) that has never been used to 
examine these associations.  Our theoretical framework can be extended to the 
framework outlined by Rumberger concerning student p rformance and student 
disengagement. 
 In these manuscripts, not only was the association w th specific types of chronic 
health conditions and educational attainment examined, high-risk groups based on youth 
limited by a chronic health condition, age at onset of a chronic health condition and youth 
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limited and had early onset of a chronic health condition were also investigated.  The 
youth’s neighborhood, school, academic and psychosocial variables allowed to better 
understand the influences of contextual and potential mediating factors.  Underlying key 
pathways and interactions with the association of chronic health conditions and 
educational attainment were assessed.  
6.3 Future Directions 
 Future directions for this area of research may include incorporating asthma as a 
reference group compared to the educational attainment of other chronic health 
conditions in datasets that may only contain children with chronic health conditions.  
Performing mediation and moderation analysis on youth limited by a chronic health 
condition, onset of a chronic health condition and youth limited and had early onset of 
chronic health condition may be useful in identifying specific mediators and effect 
modifiers for these high-risk groups.  Overall, depressive symptoms score were the most 
important psychosocial variable in many of these associations.  Other aspects of the 
participant’s mental health such as anxiety may be important to assess.  Structural 
equation modeling may also be used to test our mediators and modifiers models 
developed.  Our potential pathway that we constructed for those participants that reported 
cancer, diabetes or epilepsy may be tested with structural equation modeling.  
Examination of specific school services and policies and their influences on engagement, 
academic and psychosocial variables is an important next step.  Depressive symptoms 
screenings and school support services may be potential strategies to affect these 
associations.   We would also recommend a better proxy for school engagement.  In our 
study, we control for the correlation of participants within each primary sampling unit but 
 
 188
the data came from many different levels (individual, family, neighborhood and school) 
and hierarchical analysis or multi-level modeling may be used to get better estimates and 
perhaps a better model.   Identifying more specific associations that involve a 
combination of type of and youth limited by a chronic health condition or onset of a 
chronic health condition and type of a chronic health condition with poor educational 
attainment are also recommendations for potential future studies.  In addition, a different 
outcome that may be implemented could be postsecondary enrollment or completion.   
 Overall, if this study were not a secondary data an lysis, there would be other 
specific measures that we would have wanted to incorporate into the study.  We would 
have preferred to review each participant’s medical records to determine whether the 
participant ever had a chronic health condition.  A severity measure to describe the 
chronic health conditions reported is lacking in the current study.  Having access to 
participants’ medical records as well as determining the severity of these conditions 
would help our study.   
 Our high school and GED completion outcome is alsobased on youth surveys.  It 
would be better for our study if we had a dated reco d or certificate of completion for the 
high school diploma or GED received.  This would avoid discrepancies in self-reported 
completion measures. 
 Additional measures that we would have introduced into our study would have 
involved measures from the neighborhood.  We would have asked the participant to 
describe his or her own neighborhood boundaries.  This would allow us to assess whether 
our current census tract level measures are representativ  of the participant’s 
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neighborhood.  Also, having access to the participant’s census block group residence may 
be an improvement compared to the census tract level.
 School measures that we would have added to our study include an evaluation of 
specific programs and policies from each school.  Homebound instruction, academic 
credit recovery and counseling services for each school would be important to understand 
and would significantly add to the study.  Health management service measures such as 
the number of school nurses or the quality of the healt  clinics may be improvements 
from the current study.  These measures would have allowed us to explore in depth the 
results we found in our study.  
 Academic and psychosocial mediation was examined i our study.  Many of our 
academic variables were excellent objective measures such as the Armed Services 
Vocational Aptitude Battery cognitive examination and grade point average from high 
school transcripts.  We would not want to change these measures although we would 
improve on certain psychosocial variables.  For example, we would like to incorporate 
other psychological functioning measures.  Depressiv  ymptoms score from the Mental 
Health Inventory – 5 was a good, quick measure for depressive symptoms.  It may be 
useful to get a doctor’s psychological evaluation.  We would also like to explore different 
mental health aspects including a participant’s anxiety.   
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Appendix B: Paper 2, Variables Implemented In NLSY’97 
Type Measure Question(s)  Responses 
Exposure    
Chronic Health - 1997 
Parent Survey  
Onset When Noticed Age of Participant  
Chronic Health – 2002 
Youth Survey  
Onset When Noticed Age of Participant  
Chronic Health -1997 
Parent Survey  
Limited Does Condition 
Limit Youth 
A lot, A little, No 
Chronic Health – 2002 
Youth Survey  
Limited Does Condition 
Limit Youth 
A lot, A little, No 
Outcome 
   








20 years or younger 
when Completing 
High School 
Potential Confounders  Age, Gender, Race/Ethnicity, Income, Wealth,, 
Mother and Father Education, Learning Disabled 
(Youth - 1997) 




Appendix C: Paper 3, Variables Implemented In NLSY’97 
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Individual – Student’s Background: Gender, Race/Ethnicity, Age 
Individual – Student’s Background: Parent’s Education, 2-Parent Household  
Community – School: 5-Year Teacher Turnover, Percentage of Non-Hispanic White 
Students, Percentage Truancy, Percentage with Advanced Degrees, School Type  













    











Appendix E: Table, Missing Data Analysis (Paper 1) 
 






























     
Chronic Health Condition      p=0.16 
Did not ever have a Chronic 
Health Condition 77.83% 77.93% 78.58% 77.26% 77.09%  
Ever had a Chronic Health 
Condition 22.17% 22.07% 21.42% 22.74% 22.91%  
         Asthma 14.10% 14.25% 13.56% 14.81% 14.63% p=0.16 
         Cancer/Diabetes/Epilepsy 1.86% 1.76% 1.77% 1.70% 1.95%  
               Cancer 0.70% 0.67% 0.72% 0.65% 0.68%  
               Diabetes 0.70% 0.68% 0.71% 0.61% 0.70%  
               Epilepsy 0.46% 0.42% 0.35% 0.44% 0.56%  
 Heart and Cardiovascular   
Conditions 1.52% 1.51% 1.62% 1.45% 1.42%  




2.11% 2.21% 2.18% 2.09% 2.05%  
Age- Cumulative Months- 
January 1, 1997(n=8984) 30.55 30.55 24.56 37.75 34.50 p<0.01 
Race/Ethnicity      p<0.01 
Black 15.40% 14.94% 13.67% 16.95% 16.55%  
Hispanic 12.86% 12.03% 11.50% 13.45% 13.75%  
Mixed Race 1.23% 1.04% 0.88% 1.27% 1.46%  
Non-Hispanic, Non-Black 70.50% 71.99% 73.94% 68.32% 68.24%  
Gender      p=0.12 
Male 51.32% 50.66% 50.14% 51.72% 52.10%  
Female 48.68% 49.34% 49.85% 48.28% 47.90%  
Parent’s Education (Highest 
Grade) (n=8503) 13.58  13.72  13.88  13.43  13.37  p<0.01 
 
2-parent household      p=0.06 
No 47.06% 45.30% 46.05% 48.08% 48.62%  








































      
Chronic Health Condition       
Did not ever have a Chronic Health 
Condition 
77.83% 77.93% 78.93% 76.18% 78.69% 66.86% 
Ever had a Chronic Health 
Condition 
22.17% 22.07% 21.06% 23.82% 21.31% 33.14% 
         Asthma    14.10% 14.25% 13.44% 15.08% 13.62% 20.12% 
         Cancer/Diabetes/Epilepsy      1.86% 1.76% 1.60% 2.24% 1.68% 4.18% 
               Cancer     0.70% 0.67% 0.60% 0.85% 0.63% 1.59% 
               Diabetes     0.70% 0.68% 0.73% 0.67% 0.63% 1.58% 
               Epilepsy     0.46% 0.42% 0.27% 0.72% 0.41% 1.01% 
 Heart and Cardiovascular   
Conditions 
     1.52% 1.51% 1.71% 1.235 1.49% 1.92% 




 2.11% 2.21% 2.03% 2.63% 2.21% 3.09% 
Age- December, 31 1996 (n=8984) 30.55 30.55 29.94 31.11 31.44 28.19 
Race/Ethnicity       
Black 15.40% 14.94% 13.43% 17.24% 14.93% 16.82% 
Hispanic 12.86% 12.03% 10.06% 15.45% 12.01% 15.35% 
Mixed Race 1.23% 1.04% 0.84% 1.59% 1.02% 1.84% 
Non-Hispanic, Non-Black 70.50% 71.99% 75.67% 65.72% 72.05% 66.00% 
Gender       
Male  51.32% 50.66% 49.77% 52.76% 50.67% 53.22% 
Female  48.68% 49.34% 50.23% 47.24% 49.33% 47.78% 




14.01  13.14  13.73  
 
13.07 
2-parent household       
No 47.06% 45.30% 42.14% 51.62% 45.16% 52.62% 






Appendix G: Table, Missing Data Analysis (Paper 2) 


































Total 100%       
Chronic health 
Condition 
       
Limited   P=0.11.p     
Limited A Lot/A Little  8.30% 8.71%      
Not Limited  10.50% 10.85%      
No Chronic Condition 81.20% 80.44%      
Onset     P=0.09   
Early Onset  (12 and 
younger) 
14.48%   15.37%    
Later Onset (13 and 
older) 
4.91%   4.82%    
No Chronic Condition 80.61%   77.74%    
Limited and Onset       P=0.06 
Early Onset and 
Limited A Lot/A Little 
(High Duration) 
6.01%     6.56%  
Early Onset or Limited 
A Lot/A Little 
9.62%     9.83%  
Not Limited and Not 
Early Onset 
2.61%     2.60%  
No Chronic Condition 81.76%     81.01%  
Age- January 1, 
1997(n=8984) 
30.55 34.37 P <0.01 34.44 P <0.01 34.32 P <0.01 
Race/Ethnicity   P<0.01  P <0.01  P <0.01 
Black 15.40% 16.46%  16.60%  16.52%  
Hispanic 12.86% 13.67%  13.73%  13.66%  
Mixed Race 1.23% 1.44%  1.45%  1.44%  
Non-Hispanic, Non-
Black 
70.50% 68.43%  68.22%  68.38%  
Gender   p=0.07  p=0.13  P=0.08 
Male 51.32% 52.23%  52.09%  52.18%  








P <0.01 13.37  
 
P <0.01 13.37  P <0.01 
2-parent household   P =0.06  P =0.06  P =0.06 
No 47.06% 48.60%  48.67%  48.67%  




Appendix H: Table, Missing Data Analysis, Academic and Psychosocial (Paper 2) 




























Total 100%      
Chronic health       
Did not ever have a 
Condition 
77.83% 70.54% 74.52% 70.57% 74.07% 73.67% 
Reported a Chronic 
Condition 
22.17% 29.46% 25.48% 29.43% 25.93% 26.33% 
Limited        
Limited A Lot/A Little  8.30% 9.46%  9.51%   
Not Limited  10.50% 12.91%  12.80%   
No Chronic Condition 81.20% 77.62%  77.68%   
Onset       
Early Onset  (12 and 
younger) 
14.48%  15.89%  16.25%  
Later Onset (13 older) 4.91%  5.67%  5.84%  
No Chronic Condition 80.61%  75.96%  75.48%  
Limited and Onset       
Early Onset and Limited 
A Lot/A Little (High 
Duration) 
6.01%     6.58% 
Early Onset or Limited 
A Lot/A Little 
9.62%     9.93% 
Not Limited and Not 
Early Onset 
2.61%     3.39% 
No Chronic Condition 81.76%     80.10% 
Age- January 1, 
1997(n=8984) 
30.55% 30.74% 31.82% 30.69% 31.74% 31.71% 
Race/Ethnicity       
Black 15.40% 18.21% 17.69% 18.25% 17.63% 17.61% 
Hispanic 12.86% 15.84% 15.26% 15.80% 15.21% 15.16% 
Mixed Race 1.23% 1.52% 1.54% 1.51% 1.53% 1.53% 
Non-Hispanic, Non-
Black 
70.50% 64.43% 65.51% 64.44% 65.63% 65.70% 
Gender       
Male  51.32% 53.60% 53.00% 53.58% 52.97% 53.03% 














2-parent household       
No 47.06% 53.53% 51.70% 53.52% 51.71% 51.77% 
Yes 52.94% 46.46% 48.30% 46.48% 48.29% 48.23% 
 
 201
Appendix I: Table, Paper 1 - Missing  






Chronic health Ever had a chronic 
condition? 1.45 (1.10 - 1.90) 
 
1.57 (1.26 – 1.95) 2.50 (1.15 – 5.44) 
 Never reporting a 
chronic condition (ref) 
 
(ref) (ref) 
Race/Ethnicity Black, Non-Hispanic 
1.11 (0.84 - 1.48) 
 
1.18 (0.87 – 1.60) 
 
1.40 (0.55 – 3.57) 





Gender Female 0.87 (0.70 - 1.08) 0.78 (0.62 - 0.98) 0.78 (0.34 – 1.80) 
 Male (ref) (ref) (ref) 
Age Age 0.99 (0.98 - 1.00) 0.99 (0.99 – 1.00) 1.01 (0.99 – 1.04) 
Family Parent’s Education 0.76 (0.73 - 0.79) 0.76 (0.73 - 0.79) 0.88 (0.77 – 1.01) 
2-parent household Yes 0.41 (0.33 - 0.52) 0.43 (0.35 - 0.52) 0.88 (0.41 – 1.89) 
 No (ref) (ref) (ref) 




Appendix J: Table, Paper 2 - Missing Limited and Onset 






Chronic health  Limited by chronic 
condition? 1.45 (0.99 – 2.12) 
 
1.49 (0.89 – 2.48) N/A 
 Not limited by chronic 
condition  1.08 (0.77 – 1.52) 
 
1.06 (0.70 – 1.62) N/A 




Race/Ethnicity Black, Non-Hispanic 1.11 (0.82 - 1.49) 1.22 (0.83 – 1.79) N/A 





Gender Female 0.85 (0.68 - 1.06) 0.91 (0.70 - 1.20) N/A 
 Male (ref) (ref) N/A 
Age Age 0.99 (0.98 - 1.00) 0.99 (0.98 – 1.00) N/A 
Family Parent’s Education 0.74 (0.71 - 0.78) 0.82 (0.77 - .87) N/A 
2-parent household Yes 0.39 (0.31 - 0.49) 0.39 (0.29 - 0.52) N/A 
 No (ref) (ref) N/A 
Abbreviations: CI: confidence interval; GED: general equivalency diploma, OR: Odds Ratios, (ref): refence group 
 






Chronic health Early Onset 12 or 
younger 1.69 (1.24 – 2.28) 
 
1.57 (1.16 – 2.13) N/A 
 Later Onset  
1.04 (0.61 – 1.76) 
 
1.17 (0.77  –1.77) N/A 




Race/Ethnicity Black, Non-Hispanic 1.12 (0.84 - 1.49) 1.10 (0.81 – 1.49) N/A 





Gender Female 0.89 (0.72 - 1.11) 0.85 (0.69 - 1.05) N/A 
 Male (ref) (ref) N/A 
Age Age 0.99 (0.98 - 1.00) 0.99 (0.98 – 0.99) N/A 
Family Parent’s Education 0.76 (0.72 - 0.79) 0.82 (0.77 - 0.87) N/A 
2-parent household Yes 0.41 (0.33 - 0.51) 0.39 (0.32 - 0.48) N/A 




Appendix K: Loss to Follow Up  
 
Average Follow Up Periods (in Rounds) 
 
Missing Healthy Chronic Health Condition 
8.80 10.73 10.52 











Appendix L: Hypothesized Importance of Variables 
Tier 1 (Core Variables)  Tier 2 (Principal Variables)  Tier 3 (Other Variabl es) 
Exposure 
  
Victim of Repeated Bullying  




Highest Parent/Guardian Education 
Level 
Grade Point Average  
 
Academic Environment at 
the School 
Age of Participant 
 
Sex   
Household Income  
 
Affective Environment at the 
School 
Race/ethnicity of participant  
 
 
Cognitive Score   
 




Depressive Symptoms Score  
 
Teacher Turnover 
   
Substance Abuse  
 
Teacher Advanced Degrees 
   
Race/ethnicity of the Neighborhood 
 
Length of School Year and 
Day 
   
Average Income of the Neighborhood 
 
Racial Breakdown of  
School 
   
Percentage with HS degrees in 
Neighborhood 
 
Poverty of School 
   
School type  
 





Teacher Experience  
 
Murder Index of the 
Neighborhood 







Feeling Safe at School 
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